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The Groundfish Resources of the Eastern 
Bering Sea and Aleutian Islands Regions 


RICHARD BAKKALA, WENDY HIRSCHBERGER, 


Introduction 


The groundfish resource of the east- 
ern Bering Sea and Aleutian Islands 
regions is one of the world’s largest. At 
the peak of foreign fishing (1971-74), 
these regions produced annual catches 
in the range of 2.0-2.3 million metric 
tons (t). With enactment of the U.S. 
Fishery Conservation and Management 
Act of 1976 (FCMA), the Bering Sea 
resources within the 200-mile limit 
came under domestic jurisdiction. Pro- 
visions of the FCMA mandate the es- 
tablishment of management policies to 
protect and conserve these resources 
and promote the development of 
domestic fisheries; at present, 
groundfish in the Bering Sea are har- 
vested exclusively by foreign fisheries 
with the exception of U.S. fisheries for 
Pacific halibut, Hippoglossus steno- 
lepis. 

The kinds of commercial species 
taken, the magnitude of foreign 
catches, and the location of catches of 
groundfish in the Bering Sea are per- 
haps not generally known. A number of 
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excellent articles have appeared in 
Marine Fisheries Review and other out- 
lets describing the foreign fisheries in 
the Bering Sea (Chitwood, 1969; Dick- 
inson, 1973; Miller et al., 1976; Pru- 
ter, 1976). These articles have primar- 
ily dealt with a description of the 
methods of operation of the Japanese 
and Soviet fisheries and the types of 
fishing and support vessels used in 
these fisheries. 

The intent of this article is to acquaint 
the reader with the Bering Sea 
groundfish resources by describing the 
history of domestic and foreign fishing 
in the region in terms of species taken, 
magnitude of catches, and fishing 
areas, and to discuss the current condi- 
tion and allowable catches of the vari- 
ous commercial species. Initially, the 
report will describe the general features 
of the Bering Sea environment. 


The authors are with the Northwest and Alaska 
Fisheries Center, National Marine Fisheries Ser- 
vice, NOAA, 2725 Montlake Blvd. E., Seattle, 
WA 98112. 


Environmental Features 
of the Region 


Unique geographic, climatic, and 
oceanographic conditions combine to 
create an environment favorable for 
supporting the very large populations of 
groundfish (in addition to some of the 
world’s largest bird and marine mam- 
mal populations) found in the Bering 
Sea. Although the processes responsi- 
ble for these large populations are not 
fully understood, they probably origi- 
nate from the upwelling of nutrient-rich 
water along the south side of the Aleu- 
tian Islands and subsequent mixing of 
Pacific Ocean and Bering Sea waters, 
the seasonal extremes in climate in the 
Bering Sea with a build-up of nutrients 
during winter months, and the expan- 
sive nature of the continental shelf in 
the eastern Bering Sea (Gershanovich 
et al., 1974; Sharma, 1974). 

The continental shelf and slope are 
prominent features of the eastern Ber- 
ing Sea and the location of a majority of 
their demersal resources (Fig. 1): most 
of this shelf area lies within the U.S. 





ABSTRACT-Commercial fishing for 
groundfish in the eastern Bering Sea dates 
back almost 100 years to 1882 when U.S. 
fishermen began harvesting Pacific cod, 
Gadus macrocephalus. The next fishery to 
develop in the region was the U.S. and 
Canadian fishery for Pacific halibut, Hip- 
poglossus stenolepis, in 1928. Large-scale 
foreign fisheries began operations in the 
eastern Bering Sea in 1954, first exploiting 
flounders off Bristol Bay, but later expand- 
ing their fisheries throughout the eastern 
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Bering Sea and Aleutian Islands regions, 
utilizing a wide variety of demersal species. 
Beginning in the mid-1960’s, walleye pol- 
lock, Theragra chalcogramma, became the 
major target species of foreign fisheries and 
catches rose sharply as exploitation of this 
large resource intensified. At its peak, the 
foreign fishery in these regions was one of 
the world’s largest, harvesting more than 2 
million metric tons of groundfish annually. 
Although current U.S. fisheries for ground- 
fish in the eastern Bering Sea and Aleutians 


are primarily limited to a setline fishery for 
Pacific halibut, domestic trawl fisheries for 
other species are expected to develop over 
the next decade. 

To describe the resources that will be 
available to the developing U.S. fishery, 
this article reviews the history of fisheries 
for groundfish in the eastern Bering Sea 
and Aleutian Islands regions to illustrate 
methods and areas of fishing, species taken 
and the magnitude of catches, and the cur- 
rent condition of the resource. 
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Figure |.—Geographical locations in the eastern Bering Sea and Aleutian Islands. Crosshatched area is U.S. 200-mile Fishery 


200-mile fishery conservation zone. 
The shelf is extremely smooth and has a 
gentle gradient resulting from sediment 
deposits originating in coastal areas 
(Sharma, 1974). The sediments are 
primarily sand over the inner shelf and 
silt and clay over the outer shelf and 
continental slope. The continental 
slope bordering the eastern Bering Sea 
shelf is steep and scored with valleys 
and large submarine canyons. 

A second major feature of the region 
is the Aleutian-Commander Islands 
arc, a chain of more than 150 islands 
that forms a partial barrier to the ex- 
change of water between the Pacific 
Ocean and Bering Sea (Fig. 1). Conti- 
nental shelf areas throughout most of 
the chain are narrow and frequently dis- 
continuous between islands but broad- 
en in the eastern Aleutians. The exten- 


Conservation Zone. 


sion of the Aleutian Islands shelf area 
formed by Bowers Ridge is also of in- 
terest to the fisheries. This submerged 
ridge, forming a northwesterly arc off 
the west-central Aleutian Islands, is 
about 500 km long and 75-100 km 
wide, becoming even wider adjacent to 
the Aleutian Islands (Gershanovich, 
1963). The depth of the ridge summit in 
the southern portion is 150-200 m and 
increases to 800-1,000 m in the north- 
ern portion. 

The Bering Sea climate is mainly 
subarctic, except in the southernmost 
part which lies in the temperate zone 
(Sharma, 1974). These climatic condi- 
tions produce sub-zero water tempera- 
tures and pack ice cover over extensive 
areas of the continental shelf in the 
northern and eastern Bering Sea in 
winter and spring. These conditions 


cause extensive offshore movements of 
groundfish to deeper, warmer waters of 
the outer shelf and slope in winter. Pack 
ice begins to from in the Bering Sea in 
November, usually reaches maximum 
coverage in late March, and begins to 
retreat northward in April or May (Fig. 
2). The Bering Sea is usually ice-free 
by early summer. The region of the 
outer shelf lying between the Pribilof 
Islands and Unimak Island, and deeper 
waters of the Bering Sea, are generally 
ice-free throughout the year due to the 
influence of warmer Pacific Ocean wa- 
ters. 

The dominant water movement over 
the eastern Bering Sea continental shelf 
originates from Pacific Ocean water en- 
tering the Bering Sea in the vicinity of 
Unimak Island (Fig. 3). Surface cur- 
rents are generally northerly over the 
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Legend 

Surface currents in waters off Alaska. Numbers 

indicate mean speed in knots, Arrows depict flow: 
Prevailing current direction from U.S. Navy 
Marine Climatic Atlas of the World Vol. II, 
North Pacific 

<4 —— Weak and variable current directions from the 
Mariners Atlas 


—— Prevailing current directions from other sources 


< — — Weak and variable current directions from 
other sources 
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Figure 3.—Sea surface currents in the eastern Bering Sea (Brower et al., 1977). 


shelf but shift to a westerly or south- 
westerly direction over deeper water in 
winter. 


Commercially Utilized 
Species of Groundfish 


The Bering Sea supports about 300 
species of fish, the majority of which 
live on or near the bottom (Wilimov- 
sky, 1974). About 31 species from the 
demersal or semidemersal group are 
presently used as food fish. Only seven 
species, because of their abundance or 
high market value, are consistently 
targeted upon by foreign and domestic 
fisheries while an additional five 
species are occasionally targeted on 
(Table 1). Abundance of the 19 remain- 
ing species is relatively low and they 
form only an incidental part of catches. 
Many other species are taken during 
fishing operations and some of these, 
such as sculpins (family Cottidae), may 
be utilized for reduction to fish meal 


Table 1.—Demersal species in the eastern Bering Sea 
and Aleutian Islands regions utilized for food fish by 
foreign and domestic fisheries. 





Common and Scientific names 


Species consistently targeted upon 
Pollock, Theragra chalcogramma 
Pacific ocean perch, Sebastes alutus 
Atka mackerel, Pleurogrammus monopterygius 
Sablefish, Anoplopoma fimbria 
Yellowfin sole, Limanda aspera 
Greenland turbot, Reinhardtius hippoglossoides 
Pacific halibut, Hippoglossus stenolepis 





Species occasionally targeted upon 
Pacific cod, Gadus macrocephalus 
Rock sole, Lepidopsetta bilineata 
Flathead sole, Hippoglossoides elassodon 
Arrowtooth flounder, Atheresthes stomias 
Rattails, Coryphaenoides spp. 


Species incidentally caught '? 
Harlequin rockfish, Sebastes variegatus 
Rougheye rockfish, Sebastes aleutianus 
Dusky rockfish, Sebastes ciliatus 
Northern rockfish, Sebastes polyspinis 
Shortspine thornyhead, Sebastolobus alascanus 
Shortraker rockfish, Sebastes borealis 
Darkblotched rockfish, Sebastes crameri 
Yelloweye rockfish, Sebastes ruberrimus 
Blue rockfish, Sebastes mystinus 
Sharpchin rockfish, Sebastes zacentrus 
Splitnose rockfish, Sebastes diploproa 
Yellowmouth rockfish, Sebastes reedi 
Alaska plaice, Pleuronectes quadrituberculatus 
Rex sole, Gluptocephalus zachirus 
Butter sole, /sopsetta isolepis 
Longhead dab, Limanda proboscidea 
Dover sole, Microstomus pacificus 
Starry flounder, Platichthys stellatus 
Skates, Raja spp. 





‘Includes species that may be marketable as food fish but 
are not targeted upon because of their low abundance. 
2Because of problems in identification of rockfish, the 
species listed may be incomplete or contain species not 
actually occurring in the Bering Sea-Aleutian Islands re- 
gions. 
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along with wastes from filleting opera- 
tions and food fish that are too small for 
filleting. 


History of Commercial Fishing 


North American Fisheries 
Pacific Cod Fisheries 


Although the utilization of Bering 
Sea bottomfish resources by U.S. and 
Candian fishermen has been relatively 
minor each year, fishing activities date 
back more than 100 years. Pacific cod 
was the first species taken, initially by 
an exploratory effort involving a single 
schooner in 1864, and then on a regular 
annual basis starting in 1882. Vessels 
operated from ports in Washington and 
California and from shore stations in 
the eastern Aleutian Islands (Cobb, 
1927). Canadian vessels also partici- 
pated in the fishery to a limited extent. 
Throughout its history, the Bering Sea 
cod fishery was conducted largely by 
sailing schooners. Fishing was by hand- 
lines from one-man dories. Fishing 
areas were along the north side of Uni- 
mak Island and the Alaska Peninsula to 
Bristol Bay from depths of about 25 to 
100 m (Cobb, 1927). 

The North American cod fishery 
reached its peak during World War I 
when estimated annual catches ranged 
from 12,000 to 14,000 t (Pereyra et al., 
1976'). In comparison, the current 
large foreign fishery has annually taken 
about 58,000 t of Pacific cod from the 
eastern Bering Sea in recent years. Fol- 
lowing 1920, numbers of North Ameri- 
can vessels and their catches gradually 
declined until the fishery was termi- 
nated in 1950. 


Pacific Halibut Fisheries 


Although cod fishermen reported the 
presence of Pacific halibut in the Bering 
Sea as early as the 1800’s, they were 
not harvested commercially until 1928 


1Pereyra, W. T.,J. E. Reeves, andR. G. Bakkala 
(principal investigators). 1976. Demersal fish and 
shellfish resources of the eastern Bering Sea in the 
baseline year 1975. Processed rep., 619 p. 
Northwest and Alaska Fisheries Center, Natl. 
Mar. Fish. Serv., NOAA, 2725 Montlake Blvd. 
E., Seattle, WA 98112. 
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(Thompson and Freeman, 1930). 
Commercial fishing for Pacific halibut 
in the eastern Bering Sea was sporadic 
in the 1930’s and 1940’s. The fishery 
started on a regular annual basis in 1952 
but catches remained low through 
1957, ranging from only 24 to 158 t per 
year (Myhre et al., 1977). Effort by the 
U.S. and Canadian fisheries increased 
substantially in subsequent years. 
Catches reached 4,400 t in 1962 and 
4,900 tin 1963, but then declined stead- 
ily to 173 t in 1973. Since 1973, land- 
ings have been relatively low, ranging 
from 260 to 450 t per year. Reduced 
catches resulted from a decline in abun- 
dance of Pacific halibut and restrictions 
placed on the fishery because of this 
decline. Factors that may have contrib- 
uted to the decline in abundance (Hoag, 
1976) included: 1) Overfishing by the 
North American and Japanese setline 
fisheries in the early 1960’s, 2) high 
incidental catches of juveniles in 
foreign trawl fisheries, and 3) adverse 
environmental conditions. 

There has also been a minor com- 
mercial halibut fishery by U.S. and 
Canadian vessels in the Aleutian Is- 
lands since 1960. Catches from the 
Aleutian region have ranged from 0 to 
180 t annually. 

Halibut vessels use setline gear (In- 
ternational Pacific Halibut Commis- 
sion, 1978) consisting of a longline on 
which branch lines or gangions, each 
with a hook, are attached at regular 
intervals along the longline (usually 
from about 6 to 9 m). A unit of setline 
gear (about 500 m long) is called a 
‘*skate’’; from 4 to 12 skates are tied 
together into a string for fishing. Fish- 
ing depths are normally from 90 to 275 
m, but range from less than 30 to more 
than 500 m. Traditional halibut fishing 
areas in the eastern Bering Sea are 
shown in Figure 4. The fishing season is 
currently 21 days in April and 19 days 
in August or September. 


Foreign Fisheries 


Five foreign countries (besides Can- 
ada) have participated in the groundfish 
fisheries of the eastern Bering Sea and 
Aleutian Islands. Japan has had the 
longest history of fishing in the region 
and has mounted the greatest effort over 


the years. The first documented fishery 
for demersal species by the Japanese in 
the eastern Bering Sea (in 1958) and the 
nation having the second largest re- 
movals of groundfish in the region has 
been the U.S.S.R. The Japanese and 
Soviet fleets were followed by those of 
the Republic of Korea (ROK) in 1967. 
The number of vessels and magnitude 
of the ROK catches has remained much 
smaller than that of Japan and the 
U.S.S.R., however. The Taiwanese 
have also had a fishery in the eastern 
Bering Sea since late 1974 but involv- 
ing only one or two trawlers. Polish 
vessels fished briefly in the eastern Ber- 
ing Sea in 1973 (Law Enforcement Di- 
vision, 19757). Since then, Poland has 
agreed to abstain from further fishing in 
the eastern Bering Sea but has been 
allowed to fish in certain waters of the 
Aleutian Islands. They have not pur- 
sued this fishery, however. 


Japanese Fishery 


Following the initial exploratory ef- 
fort by two trawlers in 1930, the 
Japanese returned to the eastern Bering 
Sea with a mothership-catcher boat 
type operation in 1933 (Forrester et al., 
1978). This fishery targeted on walleye 
pollock and flounders off Bristol Bay, 
which were processed into fish meal 
aboard the mothership and then carried 
back to Japan via transport vessels. 
However, in 1937 the price of fish meal 
dropped and the fishery was termi- 
nated. Annual catches of pollock and 
other species during this 5-year period 
ranged from 3,300 to 43,400 t. 

In 1940-41, the Japanese returned to 
the eastern Bering Sea with another 
mothership-type operation, this time 
targeting on yellowfin sole. The catches 
of about 10,000 t each year were frozen 
for human consumption. 

Although the Japanese fishing fleet 
was destroyed during World War II, it 
was soon again to become the major 


?Law Enforcement Division. 1974, 1975, and 
1977. Foreign fishery activities Bering Sea and 
Gulf of Alaska, 1972-1974. Unpubl. manuscr., 
var. pag. Alaska Regional Office, Natl. Mar. 
Fish. Serv., NOAA, P.O. Box 1668, Juneau, 
AK 99802. 
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Figure 4.—Traditional halibut fishing grounds (shaded areas) in the southeastern Bering Sea. (Figure after Dunlop et al., 


fishing power in the North Pacific. With 
the signing of the peace treaty between 
the United States and Japan in 1952, 
restrictions on Japanese distant-water 
fisheries were removed and, in 1954, 
fishing in the eastern Bering Sea was 
resumed. 

The Japanese postwar fishery for 
groundfish in the Bering Sea developed 
into four principal components: The 
mothership fishery, the North Pacific 
trawl fishery, the North Pacific long- 
line-gillnet fishery, and the landbased 
trawl fishery. These fisheries contrib- 
uted 64, 31, 0.3, and 5 percent, re- 
spectively, to the total Japanese catch 
in the Bering Sea during 1971-76 
(Sasaki, 1977°). 


3Sasaki, R. 1977. Outline of the Japanese 
groundfish fishery in the Bering Sea, 1976 
(November 1975-October 1976). Unpubl. man- 
uscr., 11 p. Fisheries Agency of Japan, Far Seas 
Fish. Res. Lab. , Shimizu 424, Japan. 
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Figure 5.—Japanese mothership Nisshin Maru, 193 m in length and 27,000 gross 
tons. 


Mothership Fishery. A mothership 
(Fig. 5) receives and processes catches 
supplied by a fleet of catcher vessels. 


The Japanese mothership fishery for 
groundfish has consisted of these com- 
ponents: 1) Freezing fleets, 2) meal and 
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minced fish fleets, and 3) longline-gill- 
net fleets. The history of these fisheries 
has been divided into three time periods 
based on target species, methods of 
processing catches, and expansion of 
the fishing grounds (Forrester et al., 
1978). 

In the first period (1954-57), the 
fishery was relatively small, involving 
two to four 8,000-gross ton mother- 
ships and 200- to 300-ton catcher boats. 
The fleets operated for only about 1 
month between August and October, 
between the salmon driftnet and Ant- 
arctic whaling seasons. Fishing was off 
Bristol Bay and the catch, consisting of 
flounders (primarily yellowfin sole), 
was frozen. 

In the second period (1958-63), the 
mothership fisheries expanded 
throughout the Bering Sea with diver- 
sification of fishing and processing 
methods and target species. The floun- 
der freezing fleets extended their opera- 
tions to include Pacific halibut, sa- 
blefish, and Pacific ocean perch and 
areas of operation to the continental 
slope in the central and northern Bering 
Sea and to Aleutian Island waters. The 
fishing season which had previously 
only been about 1 month was length- 
ened to 4-9 months. Winter fishing was 
initiated by part of the fleet in 1961-62. 

Fish meal operations by motherships 
were initiated in 1958 and soon became 
the major user of yellowfin sole and 
other flounders. They operated from 
April through September on the eastern 
Bering Sea shelf. Catches of yellowfin 
sole by the Japanese fish meal and 
freezing fleets and by the U.S.S.R. 
reached their peak during 1960-62 
ranging between 420,000 and 554,000 
t 

The longline-gillnet mothership 
fishery also began operations in the 
1958-63 period. The fleet consisted of 
500-gross ton motherships and 100- 
gross ton catcher vessels. They fished 
for Pacific halibut and sablefish (for 
freezing) along the continental slope off 
Cape Navarin starting in 1958, and in 
1960 they extended operations to the 
continental slope between the Pribilof 
Islands and Cape Navarin. 

The third period of the Japanese 
mothership fishery (1964 to present) is 
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Figure 6.—Japanese Danish seiner (upper photo), 32 min length and 124 gross tons, 
and pair trawlers (lower photo), about 36 m in length and 180 gross tons. 


characterized by the development of the 
walleye pollock fishery. With the de- 
cline in abundance of yellowfin sole 
(due to overfishing in the early 1960’s) 
and the development in 1964 of 
techniques for processing minced fish 
(surimi) on board motherships, the 
main Japanese effort shifted to pollock. 
Fish meal and frozen products became a 
by-product of surimi operations. Pol- 
lock has dominated Japanese catches 
since 1963, and from 1970 to 1976 
formed over 80 percent of the total 
Japanese groundfish catch in the eastern 
Bering Sea and Aleutian Islands areas. 
The pollock fishery has become a year- 
round effort while the flounder fishery, 
principally for yellowfin sole, became a 
winter fishery in 1969-70 with the sea- 
son generally lasting from October to 
March. 

Catcher boats in the mothership 


fishery have been pair trawlers, Danish 
seiners, side-trawlers, stern trawlers, 
and longline-gillnetters. Side-trawlers 
have been phased out of the fishery and 
the number of Danish seiners (Fig. 6), 
stern trawlers, and longline-gillnetters 
has declined with pair trawlers (Fig. 6) 
becoming the mainstay of the fleet. 
Characteristics of catcher boats and 
fishing gear used in the Japanese 
mothership fishery in 1976 are given in 
Table 2. 


North Pacific Trawl Fishery. This 
second major type of Japanese fishery 
consists of factory stern trawlers gener- 
ally larger than 500 tons that operate 
independently of motherships and both 
fish and process their catch (Forrester et 
al., 1978); products are minced fish, 
frozen fish, and fish meal, which are 
transshipped to Japan by refrigerated 





transport. Sizes of vessels and gear 
characteristics used in the North Pacific 
trawl fishery in 1976 are given in Table 
Z. 

One to three independent trawlers 
fished in the eastern Bering Sea for yel- 
lowfin sole from 1954 to 1959. Since 
1961 they have also exploited (for 
freezing) Pacific halibut, sablefish, Pa- 
cific ocean perch, and other species 
along the continental slope in the cen- 
tral and northern Bering Sea and in 
Aleutian Islands waters. The number of 
licensed independent trawlers has 
ranged from 35 to 57 in recent years. 
Greater numbers of larger trawlers 
(Fig. 7) in the 3,000-5,000 gross ton 
class (equipped with machinery for 
producing surimi) resulted in a rapid 
increase in the pollock catch by this 
fishery. By 1970, 80 percent of the total 
groundfish catch by these vessels was 
pollock. 

The main effort by the independent 
trawlers is in the eastern Bering Sea 
where year-round operations are con- 
ducted for pollock. Other species taken 
are Pacific cod and various flounders. 

In the Aleutian Islands the trawlers 

target on Pacific ocean perch and other 
rockfish and take lesser amounts of 
walleye pollock and various other 
groundfish. Fishing in the Aleutians is 
concentrated along the shelf edge in the 
central and western part of the chain 
with some effort in the eastern Aleu- 
tians. 
North Pacific Longline-Gillnet Fishery. 
Pacific herring, Clupea harengus pal- 
lasi, (taken with gillnets) and sablefish 
(taken with longlines) have been the 
principal species taken by this fishery. 
Reduced quotas on herring to foreign 
fisheries and closures of nearshore wa- 
ters of the eastern Bering Sea to foreign 
gillnetting have essentially eliminated 
these vessels from the herring fishery. 
The vessels operate independently and, 
when filled with fresh fish or frozen 
products, return to Japan (Forrester et 
al., 1978). Their hold capacity of about 
400 t is normally filled after 2-4 months 
on the fishing grounds (Law Enforce- 
ment Division, footnote 2). The 
number of licensed longline-gillnet 
vessels has ranged from 22 to 32 since 
1967. 


Figure 7.—Japanese large independent stern trawler, 100 m in length and 3,200 
gross tons. 


Table 2.—Range in size of fishing vessels and gear in the Japanese mothership and North Pacific trawl fisheries 
based on a sample of the fleets in 1976 (Fisheries Agency of Japan, 1976"). 





Vessels 


Gear 


Cod-end 
mesh 





Head- Ground- 





Gross 


Fishery Type tons 


rope 
length 


rope 


length size 


Horsepower (m) (m) (m) 





Mothership Danish 96-125 
seine 
Pair 
trawl 
Stern 
trawl 
Pair 214 
trawl 

Stern 314 
trawl 


115-214 
299-349 
1,400 


1,200 


Pollock Stern 
trawl 
Stern 
trawl 
Stern 
trawl 


Yellowfin 
sole 
Rockfish 


450-1,450 
650-1,400 
1,200-1,900 


2,455-5,470 3,500-5,700 
349-3,500 1,600-4,000 


349-3,914 1,420-4,400 


90-130 100-143 7.5-9.0 


57-130 70-160 8.0-9.0 


48-52 57-63 8.0-8.5 1.9x3.2-3.0x4.8 


127 160 9.0 - 


36 48 9.0 1.8x 2.8 


64-80 65-111 9.0-10.0 2.4x3.8-3.2x 5.0 


52-74 60-89 9.0-13.0 2.0x3.1-2.4x3.8 


40-74 51-89 8.0-13.0 2.0x3.2-2.7x3.6 





‘Fisheries Agency of Japan. 1976. Vessel and gear specifications of the Japanese fisheries in the North Pacific in 1976. 
Unpubl. manuscr., 2 p. Fisheries Agency of Japan, Kasumigaseki Chiyoda-ko, Tokyo, Japan. 


Fishing by these vessels (Fig. 8, 
Table 3) has mainly been in the north- 
eastern Pacific Ocean where the catch 
has been almost exclusively sablefish 
with some rockfish taken. Sablefish 
fishing in the eastern Bering Sea and 
along the Aleutian Islands has been 
sporadic with only a few vessels fishing 
briefly each year. 


Landbased Trawl Fishery. The ves- 
sels in this fishery (independent trawl- 
ers of 100-350 tons) are prohibited by 
Japanese regulation from transshipping 
their catch to cargo vessels in offshore 
waters (Forrester et al., 1978) and, 
therefore, must return to Japan when 
storage capacity is filled. Their catches 
are chiefly flounders, Pacific ocean 
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Figure 8.—Japanese longline-gillnet vessel, 55 m in length and 424 gross tons. 


Table 3.—Range in size of North Pacific longline-gilinet vessels and gear used in the 
fishery in 1976 (Japan Fishery Agency, 1977'). 





Gear 





Groundline 


Gangion 
Size 








Vessels 


Range in Range in length 
gross tons horsepower (m) 





Hachi Dia- 
meter 
(mm) 


Hooks hook (mm) 
per or size 
hachi Length number Bait 





382-500 540-1,110 


70-75 8-12 


35-44 1.0-1.6 18-20 Frozen 
squid 





1 Japan Fishery Agency. 1977. Vessel and gear specifications of the Japanese fishery operated in 
the northeast Pacific Ocean in 1976. Unpubl. manuscr., 2 p. Japan Fishery Agency, Kasumigaseki 


Chiyoda-ko, Tokyo, Japan. 


perch, and sablefish. The fishery is re- 
stricted by Japanese regulation to wa- 
ters north of lat. 48° N and west of long. 
170°W. Major fishing grounds have 
been along the continental slope from 
Cape Olyutorskii to Cape Navarin and 
off the Pribilof Islands, but the fishery 
has also operated in Aleutian Islands 
waters. Gear consisted mainly of 
Danish seines early in the fishery but 
stern trawls became the major gear in 
later years. The number of vessels 
licensed to operate in the fishery since 
1969 has been 182 although only 62 
vessels operated in the U.S. fishery 
conservation zone in 1977. 


Soviet Fishery 


Similar to the Japanese groundfish 
operations, the Soviet distant-water 
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fishery also employs catcher boats that 
deliver their catches to factory ships or 
processing and freezing transport ves- 
sels and larger trawlers that operate in- 
dependently of factory ships and pro- 
cess their own catches. The U.S.S.R. 
has perhaps utilized the fleet concept of 
fishing operations to a greater degree 
than any other nation (Pruter, 1976). To 
allow the fishing vessels to operate at 
sea for long periods, they are closely 
supported by numerous other types of 
vessels including base ships that carry 
fleet administrators and staff and pro- 
vide logistic support; factory ships for 
processing catches; refrigerator trans- 
ports to replenish stores and to receive, 
freeze, and transport catches to home 
ports; as well as oil tankers, passenger 
ships, tugs, patrol vessels, and, occa- 


sionally, even hospital ships. Refriger- 
ated transports are the mainstays of the 
support operations. They are of various 
sizes ranging from 46 to more than 200 
m and from 650 to 25,000 gross tons or 
more (Fig. 9). Base and factory ships 
are about 110 to 174 m and 4,000 to 
18,000 gross tons (Fig. 9). 

Two basic kinds of fish vessels have 
been used by the Soviets—side trawl- 
ers and stern trawlers. Pruter (1976) 
provides an excellent review of the op- 
erations and kinds of fishing and sup- 
port vessels used in the fishery. Basic 
features of the Soviet fishing vessels are 
summarized in Table 4, and some of the 
vessels are pictured in Figures 10 and 
11. 

Dimensions of typical gear used on 
Soviet BMRT trawlers fishing for wall- 
eye pollock and Atka mackerel in re- 
cent years are given in Table 5. Data 
from U.S. observer reports indicated 
that vertical openings on trawls used for 
pollock may range from 5 to 30 m. 

The first commercial scale opera- 
tions by the U.S.S.R. off Alaska, fol- 
lowing exploratory work in 1957-58, 
was a fishery for flounders in the eastern 
Bering Sea starting in 1958. Like the 
Japanese, the Soviets expanded their 
fisheries since their inception in terms 


Table 4.—Basic types of fishing vessels employed by 
the U.S.S.R. in groundfish fisheries off Alaska (Pruter, 
1976). 





Vessel Gross Length 
type tons (m) 


No. in 
crew Descriptive remarks 





SRT 265-335 38 22-26 Small side trawl- 
er of older type 

26-28 Medium side trawi- 
er—usually transships 
catch to factory ship 
but may operate 
independently and 
process and freeze 
own catch 
Large side trawier— 
frequently operates 
independent of factory 
ships and processes 
and freezes own catch 
New class of trawler 
equipped with stern 
ramp for more efficient 
trawling 
Factory trawler which 
normally processes 
and freezes own catch 
Newer type of factory 
trawler having 
increased deck area aft 
for more efficient 
handling of gear and 
catch 


SRTR 505-630 52 








of effort, target species, and fishing 
areas. They have carried out three 
major groundfish fisheries in the eastern 
Bering Sea and Aleutian Islands: A 
flounder fishery in the southeastern Ber- 
ing Sea, a rockfish fishery primarily in 
the Aleutian Islands, and a pollock 
fishery along the outer continental shelf 
from Unimak Pass to northwest of the 
Pribilof Islands. In describing these 
fisheries, information is summarized 
from Chitwood (1969), Forrester et al. 
(1978), Haskell*, Office of Enforce- 
ment and Surveillance®, Enforcement 
and Surveillance Division,® and Law 
Enforcement Division (footnote 2). 


Flounder Fishery. The Soviet floun- 
der fishery was a winter operation 
throughout its history extending usually 
from November to April with effort 
peaking in February or March. Timing 
of the fishery was apparently designed 
to take advantage of the high density 
aggregations of flounders that form in 
winter. The primary target species was 
yellowfin sole. Other flounders such as 
rock sole, flathead sole, Alaska plaice, 
starry flounder, and arrowtooth floun- 
der were also taken. Vessels participat- 
ing in this fishery have included smaller 
side trawlers (SRT), medium trawlers 
(SRTM), large independent stern 
trawlers (BMRT), and support vessels. 

Soviet catches of yellowfin sole 
reached a peak in early years of the 
fishery rising from an estimated 5,000 t 
in 1958 to about 154,000 t in 1961 and 
140,000 t in 1962. Although effort of 
the Soviet flounder fishery increased in 


*Haskell, W. H. 1964. Foreign fishing activities 
Bering Sea and Gulf of Alaska. 1963. Unpubl. 
manuscr., 130 p. U.S. Fish Wildl. Serv., Juneau, 
Alaska. On file at Alaska Regional Office, Natl. 
Mar. Fish. Serv., NOAA, P. O. Box 1668, 
Juneau, AK 99802. 

Office of Enforcement and Surveillance. 1965, 
1967-1970. Foreign fishing activities Bering Sea 
and Gulf of Alaska, 1964-1969. Unpubl. man- 
uscr., var. pag. Alaska Regional Office, Natl. 
Mar. Fish. Serv., NOAA, P.O. Box 1668, Juneau, 
AK 99802. 

‘Enforcement and Surveillance Division. 1971, 
1973. Foreign fishing activities Bering Sea and 
Gulf of Alaska, 1970, 1971. Unpubl. manuscr., 
var. pag. Alaska Regional Office, Natl. Mar. 
Fish. Serv., NOAA, P.O. Box 1668, Juneau, AK 
99802. 


Figure 9.—Soviet refrigerator cargo transport of 6,100 gross tons (upper panel) and 
large factory ship of 18,000 gross tons (lower panel). 


subsequent years to reach a maximum 
(involving 70-100 trawlers during peak 
months) in the period 1966-68, catches 
never reached the level of those in 1961 
and 1962. There was a sharp drop in 
abundance of yellowfin sole following 
the large combined Japanese and Soviet 
catches of this species (ranging from 
421,000 to 554,000 t annually) in the 
early 1960’s (Wakabayashi et al., 
1977’). 

The Soviet effort for flounders gen- 
erally declined after 1968, presumably 


*Wakabayashi, K., R. Bakkala, and L. Low. 
1977. Status of the yellowfin sole resource in the 
eastern Bering Sea through 1976. Unpubl. man- 
uscr., 45 p. Northwest and Alaska Fisheries 
Center, Natl. Mar. Fish., Serv., NOAA, 2725 
Montlake Blvd. E., Seattle, WA 98112. 


because of relatively low abundance of 
yellowfin sole. The Soviet flounder 
fishery was discontinued in 1973 and 
was not resumed until 1978, following 
recovery of the resource (Wakabayashi 
et al., footnote 7). 


Pacific Ocean Perch Fishery. The 
Soviet fishery for Pacific ocean perch 
and other rockfish began in 1960 when 
25-30 trawlers fished along the edge of 
the continental shelf in the eastern and 
central Bering Sea. In subsequent years 
the fishery became centered in the Aleu- 
tian Islands and Gulf of Alaska. The 
Aleutian Island fishery has been mainly 
by larger BMRT factory trawlers 
fishing along the continental shelf edge 
at depths of about 150-275 m. The 
rockfish were frozen in the round or 
headed and eviscerated. 
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phased out and catches from this region 
in later years were a by-catch of the 
pollock fishery. The early years of the 
Aleutian Island fishery for Pacific 
ocean perch were the most productive 
for the U.S.S.R. with reported catches 
of 61,000 t in 1964 and 71,000 in 1965. 
By 1974, catches had declined to about 
800 t. Catches in 1975 and 1976 were 
somewhat higher, ranging from about 
7,000 to 8,000 t, but declined again in 
1977 to less than 800 t. 


Pollock Fishery. The fishery that 
eventually developed into the pollock 
fishery began in 1967 but initially 
targeted on sablefish and large floun- 
ders (arrowtooth flounder and Green- 
land turbot) on the outer continental 
shelf and slope of the southeastern Ber- 
ing Sea. This fishery gradually ex- 
panded northward along the edge of the 
continental shelf and by 1969 had be- 
come a year-round operation, taking on 
the general appearance that has charac- 
terized the fishery to the present time. 
Fishing areas became standardized with 
two principal areas used, the first im- 
mediately north of the eastern Aleutian 
Islands and the other northwest of the 
Pribilof Islands. Effort normally 
peaked in late winter when fishing ves- 
sels from the Pacific herring and floun- 

der fishery joined the pollock fleet. 
Emphasis of the fishery shifted 
mainly to walleye pollock in 1971 with 
- == catches rising from about 36,000 t in 
a —— Mee 1970 to 234,000t in 1971. Pollock has 
a remained the predominant target 
species to the present time. Peak catch- 
es of pollock by the Soviets occurred in 
1974 when almost 310,000 t were taken. 
Annual catches of other species have 
Table 5.—Size of Soviet (BMRT) factory stern trawlers and trawl dimensions used for fishing walleye pollock and not exceeded 20,000 t since 1972 with 
Atka mackerel as shown by data of U.S. observers in 1976 and 1977. the exception of rockfish at 32,000 t in 
Typical gear dimensions 1974 and rattails (family Macrouridae) 

Range in vessel size = = = at 48 ,000 t in 1972. 


rope rope mesh 
Target Gross length length size 


species tons Horsepower (m) (m) (cm) Otter boards Republic of Korea Fishery 
Walleye 2,657-3,837 2,000-2,320 77.4 77.4 3.0-6.0 Round to oval, = Le 
pollock eee Fisheries by the Republic of Korea 
“2 (ROK) in the eastern Bering Sea and 
Atka 2,581-3,510 2,000 : Round tooval, = Aleutian Islands have been of a much 
mackerel 1,200 kg : . = 
smaller scale than those of Japan and 
the U.S.S.R. (Office of Enforcement 
and Surveillance, footnote 5; Enforce- 
Following concentration of effort for Gulf of Alaska in 1963, fishing for this | ment and Surveillance Division, foot- 
Pacific ocean perch in the Aleutians and species in the eastern Bering Sea was note 6; Law Enforcement Division, 


Figure 10.—Soviet medium side trawler of 500 gross tons (upper panel) and large 
side trawler of 700 gross tons (lower panel). 
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Figure 11.—Soviet factory stern trawlers: a large (BMRT) trawler of 3,170 gross 
tons (upper panel) and the newer type (RTM) trawler of 2,657 gross tons with 


greater deck space aft (lower panel). 


Table 6.—Vessel size and fishing gear dimensions of three Republic of Korea independent stern trawlers boarded by 
U.S. observers in 1977. 








Name 





Head- Ground- Otter 
rope rope board 

length length size 
(m) (m) (m) 





Saivia 84 
Shin An Ho 106 


Heung YangHo 104 


59 78 2.5x3.8 
80 75 3.0x 5.0 


74 105 3.0x 4.8 





footnote 2). Following exploratory 
fishing in these regions in 1966, an 
ROK fleet returned to Alaskan waters in 
September-November 1967 with a 
commercial operation consisting of a 
refrigerated transport vessel and eight 
pair trawlers. The operation was unsuc- 
cessful, however, because of bad 
weather which permitted only 5 days of 
fishing. 
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The ROK expedition was more suc- 
cessful in 1968, conducting operations 
around the eastern Aleutian Islands and 
west of the Pribilof Islands for walleye 
pollock. In later years the ROK fishing 
fleet was enlarged to include factory 
ships, additional pair trawlers, inde- 
pendent stern trawlers and, eventually, 
longliners and a Danish seiner. The 
principal target species in the eastern 


Bering Sea has continued to be pollock. 
Some of the trawlers and longliners 
have also fished in the Aleutian Islands 
for rockfish, pollock and sablefish. 
Until 1972, fishing was limited to 
spring and summer months, but by 
1973 the fishery was a year-round oper- 
ation. Estimates by U.S. surveillance 
of the ROK fishery indicated that pol- 
lock catches ranged between 1,200 and 
26,000 t from 1968 to 1975. The pol- 
lock catch reported by the Koreans for 
1976 was 85,000 t and for 1977, about 
40,000 t. 

Modernization of the Korean trawl 
fleet is depicted by Table 6 which indi- 
cates that independent stern trawlers in 
the ROK fleet are comparable in size to 
the largest trawlers in the Japanese and 
Soviet fleets with some exceeding 
5,000 gross tons. The three vessels ob- 
served were targeting on pollock; gear 
dimensions given in Table 6 are proba- 
bly representative of trawls used by 
ROK independent trawlers in the pol- 
lock fishery. 


Taiwanese Fishery 


The Taiwanese fishery, which began 
in December 1974, has involved only 
one or two independent stern trawlers. 
The trawlers have fished in winter and 
spring months along the continental 
shelf edge west and southwest of the 
Pribilof Islands. The vessels are be- 
lieved to have targeted on walleye pol- 
lock and flounders. 


Magnitude of Foreign Catches 


The total catches of groundfish in the 
eastern Bering Sea and Aleutian Islands 
waters during the history of the modern 
day foreign fishery (1954-78) are illus- 
trated in Figures 12 and 13. Note that 
the scale of the two figures differ and 
that catches have always been much 
greater in the eastern Bering Sea than in 
the Aleutians. Even during the period 
of peak catches of groundfish in the 
Aleutian area (1964-65), when catches 
were relatively low in the eastern Ber- 
ing Sea, Aleutian Islands catches were 
only about a third of those in the eastern 
Bering Sea. In subsequent years as the 
fishery for walleye pollock in the east- 
ern Bering Sea developed, the total 
groundfish catch in the Aleutians fell to 
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5 percent or less than that of the eastern 
Bering Sea. 

In the eastern Bering Sea, total 
catches of groundfish have reached two 
peaks (Fig. 12). The first and smaller 
peak occurred during 1960-62 when 
Japan and the U.S.S.R. were inten- 
sively exploiting yellowfin sole for 
production of fish meal. Total esti- 
mated catches of yellowfin sole and 
other species reached a maximum of 
715,000 t in 1961. Catches declined, 
ranging between 310,000 and 390,000 t 
during 1963-65 because of reduced 
abundance of yellowfin sole. After the 
Japanese developed shipboard methods 
of producing surimi, their fishery for 
walleye pollock developed rapidly and 
the total groundfish catches rose again 
to reach a second much higher peak of 
over 2.0 million t per year in 1971-73. 
Since that time, catches have declined 
because of restrictions stemming from 
evidence of declining abundance of pol- 
lock and other species. By 1977, 
catches had declined to about 1.0 mil- 
lion t but, based on preliminary data, 
catches were higher in 1978 at about 
1.37 million t. 


Flounders (primarily yellowfin sole) 
were the major species in eastern Ber- 
ing Sea catches until 1963, after which 
walleye pollock predominated (Fig. 
12). The proportion of pollock in the 
total foreign catch of groundfish in- 
creased from about 44 percent in 1964 
to about 72 percent in 1968 and, from 
1971 to 1977, represented 81-85 per- 
cent of the total groundfish catch. 

Japan has taken the major share of 
the groundfish catches in the eastern 
Bering Sea (Fig. 12), accounting for at 
least 68 percent of the total foreign 
catches annually and usually between 
80 and 90 percent of the catches. 


Characteristics of the foreign 
fisheries in the Aleutian Islands region 
differ from those in the eastern Bering 
Sea in a number of respects. Overall 
catches have been much lower, trends 
in catches and major species in catches 
have differed, and the U.S.S.R. rather 
than Japan has taken the greatest share 
of the catches (Fig. 13). Total 
groundfish catches in this area reached 
a peak of 114,000 t in 1965, a few years 
after the fishery was initiated in 1962. 
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Figure 12.—Foreign catches in metric tons (t) of groundfish in the eastern Bering 
Sea (east of long. 180°) by nation (upper panel) and by species group (lower panel), 


1954-78. 


Since then, total catches have fluc- 
tuated at a lower level ranging from 
about 36,000 to 80,000 t annually. 
Pacific ocean perch and other 
rockfish have been the primary target 
species in the Aleutians until recent 
years. Rockfish catches reached their 
peak in 1965 at 109,000 t, but since 
then have shown an almost continual 
decline. In 1977 the rockfish catch was 
13,600 t. Catches of other roundfish 
have increased since 1971 with walleye 
pollock and Atka mackerel accounting 
for most of this increase. Atka mackerel 


was the most abundant species in 
catches in the Aleutian area in 1976 and 
1977 at 20,000 and 21,500 t, respec- 
tively. Flounders have formed only a 
minor part of catches in the Aleutians 
with Greenland turbot and arrowtooth 
flounder the main species taken. 


Current Condition of Resources 
and Areas of Fishing 


Walleye Pollock 


Walleye pollock is a member of the 
cod family (Gadidae) along with Pacific 
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Figure 13.—Foreign catches in metric tons (t) of groundfish in the 
Aleutian Island area (long. 170° W-170°E) by nation (upper panel) 
and by species or species group (lower panel), 1962-78. 


cod, Pacific hake, Merluccius produc- 
tus, and others. It has a wide distribu- 
tion extending from off central Califor- 
nia northward through the Bering Sea, 
the Sea of Okhotsk, and the Sea of 
Japan (Hart, 1973). It is by far the most 
abundant demersal fish (on a weight 
basis) in the eastern Bering Sea 
(Pereyra et al., footnote 1) and has been 
the major target species of foreign 
fisheries in this region since the mid- 
1960’s (Fig. 14). It is also taken com- 
mercially in the Gulf of Alaska, al- 
though its total abundance is apparently 
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lower in the Gulf than in the Bering 
Sea. There is also a major fishery on the 
Asian coast, similar in magnitude to the 
eastern Being Sea fishery. The life span 
of pollock is about 14-15 years; how- 
ever, the fishery in the eastern Bering 
Sea exploits mainly 2-6 year olds. Pol- 
lock is a rapid growing species, reach- 
ing an average weight of 2 kg (about 1 
pound) and 40 cm (about 16 inches) at 
4 years of age. 

Catches of pollock which ranged 
from about 1.6 to more than 1.8 
million t from 1971 to 1974 apparently 


caused a decline in abundance of the 
populations, but catch restrictions 
placed on the foreign fisheries in later 
years appear to have arrested this de- 
cline (Low et al., 1978°). The stock is 
still capable of producing large catches 
on the order of 1.0 million t annually. 
Although the pollock population re- 
mains relatively large, the abundance of 
older fish has been reduced and catches 
by the foreign fisheries now consist 
mainly of young fish 2-6 years old. The 
size of pollock in the eastern Bering 
Sea fishery is therefore small (Fig. 15). 
In 1976, pollock in the Japanese 
commercial fishery averaged 36 cm 
(14 inches) and 80 percent of the fish 
were less than 40 cm (16 inches). 
Fishing areas for pollock are illus- 
trated from Japanese commercial catch 
data (Fig. 16). Pollock were taken 
throughout the Aleutian Islands area 
and the outer continental shelf and 
slope of the eastern Bering Sea, but 
catches in the Aleutians were relatively 
small. The largest catches came from 
the outer shelf and slope of the eastern 
Bering Sea between the eastern Aleu- 
tian Islands and the Pribilof Islands and 
southwest of St. Matthew Island. From 
1973 to 1977, 38 percent of the catch, 
representing about 510,000 t annually, 
came from the area between the eastern 
Aleutians and Pribilofs with almost all 
the remainder coming from the area 
north and northwest of the Pribilofs. 


Pacific Cod 


The Pacific cod is wide-ranging, ex- 
tending from waters off California 
northward and westward around the rim 
of the North Pacific Ocean, to the 
northern part of the Yellow Sea (Hart, 
1973). It is exploited commercially 
from the coast of Washington State or 
northern Oregon around the continental 
shelf to the Sea of Japan (Ketchen, 


SLow, L., R. Bakkala, H. Larkins, S. Mizroch, 
V. Wespestad, and J. Akada. 1978. Information 
on groundfish resources in the Bering Sea and 
Aleutian region. Unpubl. manuscr., 92 p. North- 
west and Alaska Fisheries Center, Natl. Mar. 
Fish. Serv., NOAA, 2725 Montlake Blvd. E., 
Seattle, WA 98112. 
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1961). Adults are found in commercial 
abundance from depths of 80 to 260 m. 
Pacific cod are not abundant enough 
in the eastern Bering Sea to support a 
major fishery. They are mainly a by- 
catch of the pollock fishery although 
they are occasionally target species 
when high concentrations are detected 
during pollock fishing operations. Oc- 
casionally they have also been target 
species of the Japanese longline 
fishery. Although foreign catches of 
Pacific cod in the eastern Bering Sea 
have reached 70,000 t, catches in recent 
years have averaged about 58,000 t. 
Because of their minor importance in 
the overall Bering Sea fishery, they 
have not been intensively studied, but it 
appears that the stock is healthy and can 
sustain catches at the level recently har- 
vested (Low et al., footnote 8). 
Similar to walleye pollock, the east- Figure 14.—Large catch of walleye pollock taken by a Japanese independent stern 
ern Bering Sea population of Pacific a. 
cod consists of young fish, with the 
fishery taking mainly 2-4 year olds. 
However, because Pacific cod grow 
much faster than pollock, these age 
groups represent relatively large fish. In Mean length - 36.1 cm Mean length - 52.3 cm 
the 1975 Japanese fishery, Pacific cod . 
averaged 52 cm (20 inches) and 90 per- 
cent were larger than 40 cm (about 16 
inches) (Fig. 15). The size composition 
of Pacific cod may vary considerably 
from year to year, however, depending ee 
on the strength of the various year clas- 
ses in the fishable population. 
Pacific cod were taken by the Japa- PACIFIC OCEAN PERCH SABLEFISH 
nese fishery in 1977 over much of the Mean length - 29.8 cm Mean length - 69.9 cm 
Aleutian Islands region and the eastern E 
Bering Sea (Fig. 17). Areas of high 
catches were located on the outer conti- 
nental shelf and slope in the areas be- 
tween Unimak Island and the Pribilof 
Islands, west of St. Paul Island in the 
Pribilofs, and southwest of St. Matthew : 
a ay ength (cm) 
Figure 15.—Length composition of principal commercial species 
of roundfish in Japanese commercial catches from pt — Ber- 
° ing Sea- ian Islands regions. Numbers within the figures are 
Pacific Ocean Perch a cclthaia of te total cuaneas of fish within each 10 Po length 
Pacific ocean perch is the most abun- interval. Data are from 1975 for Pacific cod and 1976 for other 
dant species of rockfish in the northeast — 
Pacific Ocean (Alverson et al., 1964) 
and ranges from California to the Ber- 
ing Sea and south along the Asian coast 
to Japan (Hart, 1973). Pacific ocean 30 years and a length of 51 cm (20 _ tal shelf and slope and commercial con- 
perch is a slow growing and long lived _ inches). Pacific ocean perch commonly centrations usually occur between 100 
species that may reach an age of about occupy waters along the outer continen- and 500 m (Quast and Hall, 1972). 
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Figure 16.—Distri- 
bution of Japanese 
catches of walleye 

POLLOCK pollock in 1977. 
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Figure 17.—Distri- 
bution of Japanese 
catches of Pacific 

PACIFIC COD cod in 1977. 
= < 100 mt =-=—= 100m. 
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Figure 18.—Distri- 
bution of Japanese 
catches of Pacific 
ocean perch in 
1977. 


Pacific ocean perch is the major 
species of rockfish in the eastern Bering 
Sea and Aleutian Islands regions, but a 
number of other species of rockfish are 
also harvested (Table 1). Based on re- 
ports of U.S. observers, Pacific ocean 
perch represented a high proportion (93 
percent) of the total catch of rockfish in 
the eastern Bering Sea in 1977 but only 
60 percent of the total rockfish catch in 
the Aleutian Islands region. The re- 
maining 40 percent of the catch in the 
Aleutians was mainly dusky, northern, 
and rougheye rockfish. Rockfish are 
more abundant in the Aleutian Islands 
than in the eastern Bering Sea (Fig. 18), 
and populations in the two regions are 
managed as separate stocks. Peak 
catches of rockfish were made in early 
years of the foreign fisheries for these 
species with the maximum annual catch 
of 47,000 t occurring in the eastern Ber- 
ing Sea in 1961 and 109,000 t in the 
Aleutian Islands area in 1965. 

Studies have indicated that the large 
removals of Pacific ocean perch and 
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other rockfish in early years of the 
fishery and continued exploitation of 
this species group have severely re- 
duced their numbers (Low et al., foot- 
note 8). The stocks are considered to be 
badly depleted at present and allowable 
catches (6,500 t in the eastern Bering 
Sea and 15,000 t in the Aleutians) have 
been reduced to low levels, to allow the 
stocks to rebuild. Because rockfish are 
long lived, slow growing, and have a 
low fecundity, restoration of stocks is 
expected to take many years. Based on 
data from the 1976 Japanese fishery 
(Fig. 15), most of the Pacific ocean 
perch taken ranged in size from 22 to 40 
cm (about 9 to 16 inches). 


Sablefish 


Sablefish is a member of the family 
Anoplopomatidae and is often referred 
to as blackcod. It has a wide distribu- 
tion extending from off Baja California 
to the Bering Sea and southward along 
the Asian coast to Japan (Hart, 1973). It 
also occupies a wide depth range, with 


juveniles found in surface and inshore 
waters to a depth of about 150 m, and 
adults in 150 to 1,200 m. Research ves- 
sel survey data and commercial catches 
indicate that the region of highest abun- 
dance is the Gulf of Alaska, especially 
from the Shumagin Islands to northern 
Queen Charlotte Sound. The overall 
biomass has been estimated to be distri- 
buted as follows: 67 percent in the Gulf 
of Alaska, 13 percent in the Vancouver 
to California region, and the remaining 
7 percent in the Aleutian Islands region 
(Low et al., 1976”). Sablefish can live 
more than 20 years, but the majority 
taken in the fisheries are from 3 to 8 
years of age. They can reach lengths of 
about | m (40 inches). 


®Low, L. L., G. K. Tanonaka, and H. H. Ship- 
pen. 1976. Sablefish of the northeastern Pacific 
Ocean and Bering Sea. Processed rep., 115 p. 
Northwest and Alaska Fisheries Center, Natl. 
Mar. Fish. Serv., NOAA, 2725 Montlake Blvd. 
E., Seattle, WA 98112. 





Figure 19.—Distri- 
bution of Japanese 
catches of sablefish 

SABLEFISH in 1977. 


Figure 20.—Distri- 
bution of Soviet 
catches of Atka 

ATKA MACKEREL mackerel in 1977. 
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Sablefish are managed separately for 
the eastern Bering Sea and Aleutian Is- 
lands regions. They are more abundant 
in the eastern Bering Sea where catches 
have reached 28,500 t; catches in the 
Aleutians have reached a maximum of 
3,600 t. Because the stocks have been 
overfished, allowable catches in 1979 
have been reduced to 3,500 t in the 
eastern Bering Sea and 1,500 t in the 
Aleutian Islands region. Based on 1976 
size composition data from the 
Japanese commercial fishery, the size 
of sablefish taken in the Bering Sea 
averages 70 cm (almost 28 inches), 
with over 90 percent ranging above 60 
cm (about 24 inches) (Fig. 15). 

In 1977, the Japanese fishery took 
the largest proportion of their catch in 
the southeastern Bering Sea (Fig. 19). 


Atka Mackerel 


Atka mackerel is a member of the 
greenling family Hexagrammidae 
which includes such prized fish as the 
lingcod, Ophiodon elongatus. This 
species is found from Monterey, Calif., 
to the Bering Sea and the Sea of Japan 
(Miller and Lea, 1972). They appear to 
be most abundant in the Aleutian Is- 
lands region and the Gulf of Alaska, as 
indicated by a substantial foreign 
fishery in these areas. They can grow to 
over 48 cm (almost 19 inches) and fre- 
quent depths of 4-120 m (Miller and 
Lea, 1972). Atka mackerel have a sea- 
sonal distribution which is influenced 
by their spawning habits. They move 
inshore between May and October for 
spawning, then return to the open ocean 
in the fall (Macy et al., 1978'°). After 
hatching, the juvenile fish migrate to 
the open ocean, then adopt the seasonal 
migratory habits of the adults. 

Atka mackerel have recently become 
a target species of Soviet fisheries. In 
the Bering Sea the fishery is restricted 
to the Aleutian Islands area with the 


Macy, P. T., J. M. Wall, N. D. Lampsakis, 
and J. E. Mason. 1978. Resources of non- 
salmonid pelagic fishes of the Gulf of Alaska and 
eastern Bering Sea, Part 1. Unpubl. manuscr., 
335 p. Northwest and Alaska Fisheries Center, 
Natl. Mar. Fish. Serv., NOAA, 2725 Montlake 
Blvd. E., Seattle, WA 98112. 
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Figure 21.—Catch of yellowfin sole being unloaded on the deck of a Japanese 
mothership. 


main fishery in the western Aleutians 
(Fig. 20). The fishery was initiated in 
the early 1970’s and catches have risen 
since then to a peak of 21,000 t in 1977. 
Little is known about the resource but, 
based on information provided by 
Soviet scientists, the allowable catch in 
1979 has been set at 24,800 t. Data 
collected by U.S. observers aboard 
Soviet vessels fishing for Atka macker- 
el indicated that catches consisted 
mainly of fish in the narrow size range 
of 27-33 cm (about 11-13 inches). 


Yellowfin Sole 


Yellowfin sole is the most abundant 
flounder in the eastern Bering Sea (Fig. 
21). It ranges south along the North 
American coast to waters off northern 
British Columbia, but its abundance in 
the Gulf of Alaska is low and nowhere 
forms concentrations sufficient to war- 
rant acommercial fishery. On the Asian 
coast, they range from the Gulf of 
Anadyr southward to the coast of the 
Republic of Korea (Fadeev, 1970), and 


are fished commercially in Asia off the 
east and west coasts of Kamchatka and 
in certain areas of the Okhotsk Sea. 
Yellowfin sole are mainly confined to 
depths less than 200 m and in summer 
major concentrations in the eastern Ber- 
ing Sea are found at depths less than 
100 m. They reach a maximum age of 
about 19 years and a maximum length 
of 45 cm (about 18 inches) in the east- 
ern Bering Sea (Pereyra et al. , footnote 
1). 

Yellowfin sole were harvested very 
intensively from 1959 to 1962 with an- 
nual catches in this period averaging 
about 400,000 t. The stock may have 
been reduced to 40 percent of its origi- 
nal size in the early 1960’s and declined 
further in the middle and late 1960’s 
(Wakabayashi et al., footnote 7). Signs 
of improvement in the resource began 
to appear in the early 1970’s and have 
continued to the present time. The re- 
source was underutilized during 1975- 
77 when allowable catches were 
106,000 t and actual annual catches 
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Figure 22.—Length com- 
position of principal com- 
mercial species of floun- 
ders taken by the Japanese 
commercial fisheries in the 
eastern Bering Sea. Num- 
bers within the figures are 
percentages of the total 
numbers of fish measured 
within each 5 or 10 cm in- 
terval. Data are from 1977 
for Greenland turbot and 
1976 for other species. 
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ranged from 56,000 to 65,000 t. In 
1978, however, the full quota was 
taken with renewal of the Soviet fishery 
for yellowfin sole. 

Yellowfin sole is a slow growing 
species and does not reach a large size. 
Over the past several years, the average 
length of fish in commercial catches has 
been about 25 cm (10 inches) which 
represents 8 to 9 year olds. The size 
composition of yellowfin sole is typ- 
ified by size data from the Japanese 
commercial fishery in 1976 (Fig. 22). 
Most of the fish (89 percent) fell within 
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the size range of 20 to 30 cm (8 to 12 
inches). 

Yellowfin sole were taken over a 
large area of the eastern Bering Sea by 
Japanese fisheries in 1977, but the main 
area of fishing was east of the Pribilof 
Islands (Fig. 23). The areas of high 
catches typify the summer and fall dis- 
tribution of major concentrations of yel- 
lowfin sole. Seasonal migrations result 
in yellowfin sole occupying deeper 
water of 100 m or more in winter and 
early spring with major concentrations 
located west of the Pribilof Islands and 


from Unimak Island to the Pribilof Is- 
lands (Bakkala and Smith, 197811). 


Greenland Turbot and 
Arrowtooth Flounder 


Greenland turbot and arrowtooth 
flounder are large deep-water flounders 
that mainly occupy continental slope 
waters in the Bering Sea during adult 
life history stages; juveniles generally 
occupy the continental shelf. Major 
concentrations of adult Greenland tur- 
bot are found in the depth range of 
200-700 m in summer and 600-900 m in 
winter, while main concentrations of 
arrowtooth flounder are found at depths 
of 200-400 m in summer and 300-500 
m in winter (Shuntov, 1970). Both 
species are widely distributed, extend- 
ing around the Pacific rim from 
California to Japan. Greenland turbot is 
more abundant than arrowtooth floun- 
der in the Bering Sea while arrowtooth 
flounder predominates in the Gulf of 
Alaska. Arrowtooth flounder may 
reach a maximum length of about 84 cm 
(33 inches) and Greenland turbot about 
99 cm (39 inches) in the Bering Sea. 

Catches of Greenland turbot and ar- 
rowtooth flounder combined have 
ranged from 42,000 to 91,000 t in the 
eastern Bering Sea in recent years with 
Greenland turbot contributing about 80 
percent of the total. 

The size range of Greenland turbot in 
Japanese catches monitored by U.S. 
observers in 1977 was wide (Fig. 22), 
extending from about 40 to 90 cm 
(about 16 to 35 inches). Good size in- 
formation is not available for arrow- 
tooth flounder taken in the commercial 
fishery, but they are somewhat smaller 
than Greenland turbot. 

Catches of Greenland turbot and ar- 
rowtooth flounder by the Japanese 
fishery are primarily from waters 
deeper than 100 m with the largest 
catches coming from near the shelf 
edge (Fig. 24). The greatest proportion 


“Bakkala, R. G., and G. B. Smith. 1978. De- 
mersal fish resources of the eastern Bering Sea, 
Spring 1976. Processed rep., 234 p. Northwest 
and Alaska Fisheries Center, Natl. Mar. Fish. 
Serv., NOAA, 2725 Montlake Blvd. E., Seattle, 
WA 98112. 
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Figure 23.—Distri- 
bution of Japanese 
catches of yellowfin 
sole in 1977. YELLOWFIN SOLE 


Figure 24.—Distri- 

bution of Japanese 

catches of Green- 

land turbot and GREENLAND TURBOT AND 
arrowtooth flounder ARROWTOOTH FLOUNDER 
in 1977. 
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of the total catch came from northwest 
of the Pribilof Islands. 


Pacific Halibut 


The Pacific halibut is a wide ranging 
species extending from off southern 
California to Norton Sound in the 
northern Bering Sea, across the Bering 
Sea, and along the Asian coast from the 
Gulf of Anadyr to Hokkaido Island in 
Japan (International Pacific Halibut 
Commission, 1978). Pacific halibut 
have been taken in depths of 1,100 m 
but are mainly found from 27 to 275 m. 
They are the largest of all flounders and 
range in size in the fishery from 2 to 
over 90 kg (5 to over 200 pounds) with 
the average size ranging from 14 to 16 
kg (from 31 to 35 pounds). Halibut 
fishing areas in the eastern Bering Sea 
are shown in Figure 4. 

Pacific halibut has been one of the 
two demersal species (the other being 
Pacific cod) sought by North American 
fishermen in the eastern Bering Sea. 
Combined catches of halibut by North 
American and foreign fisheries peaked 
in 1962 and 1963 at about 12,000 t 
annually. Abundance of halibut sub- 
sequently declined, perhaps aggravated 
by the incicental catch of juvenile 
halibut in foreign trawl fisheries. The 
current abundance of adult halibut is 
low and only small catches are present- 
ly allowed (225 t in 1979) so that the 


stock can rebuild. 
Area closures have also been im- 


plemented in the southeastern Bering 
Sea in winter to reduce the incidental 
catch of juvenile halibut by foreign 
trawl fisheries. These measures appear 
to be responsible for the increase in 
abundance of juvenile halibut that has 
been noted in recent years. It will be 
some time, however, before these 
juveniles will be recruited to the adult 
stock and available to the fishery. 


Other Flounders 


The remaining flounders in the Ber- 
ing Sea have been combined into a 
single group for management purposes. 
Two of these species, rock sole and 
flathead sole, make up most of the 
foreign catches of this group. Of the 
other species in this category, Alaska 
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plaice may be nearly as abundant as 
rock sole and flathead sole in the Bering 
Sea but has not been utilized exten- 
sively by foreign fisheries while other 
species such as rex sole, Dover sole. 
starry flounder, longhead dab, and but- 
ter sole are only found in low abun- 
dance in the Bering Sea. The three 
major species of this group are rela- 
tively shallow water species with main 
concentrations confined to depths less 
than 200 m. 

These species are rarely targeted on 
because of their comparatively low 
abundance and are mainly taken inci- 
dentally in the pollock and yellowfin 
sole fisheries. Catches as large as 
92,000 t have been harvested but have 
declined to around 20,000 t annually in 
the last few years. The main reason for 
the decline is thought to be the reduced 
effort for major target species, particu- 
larly yellowfin sole. The ‘‘other floun- 
der’’ complex is thought to be healthy 
and can provide catches of 61,000 t per 
year. Rock sole and flathead sole are 
relatively small flounders with similar 
size compositions in the commercial 
fishery (Fig. 22). In 1976, 84 percent of 
the rock sole and 78 percent of the 
flathead sole taken in the Japanese 
fishery ranged from 25 to 35 cm (about 
10 to 14 inches). 


Table 7.—Proposed allowable catches in 1979 for spe- 
cies of groundfish and squid in the eastern Bering Sea 
and Aleutian Islands regions (North Pacific Fishery 
Management Council, 1978"). 





Allowable 
catch 
(metric tons) 


1,000,000 
58,700 
6,500 
15,000 


Management 

Species area 
Walleye pollock 
Pacific cod 
Pacific ocean 

perch, other 

rockfishes 
Sablefish 





E. Bering Sea 
E. Bering Sea 
E. Bering Sea, 
Aleutians 


E. Bering Sea, 
Aleutians 
Aleutians 
E. Bering Sea 


3,500 
1,500 
24,800 
117,000 


Atka mackerel 
Yellowfin sole 
Greenland turbot, 
arrowtooth 
flounder 
Pacific halibut 
Other flounders 
Squid 
Other species 


E. Bering Sea 90,000 
E. Bering Sea 225 
61,000 
10,000 
55,500 


E. Bering Sea 
E. Bering Sea 
E. Bering Sea 


Total 1,443,725 


‘North Pacific Fishery Management Council. 1978. Fishery 
management plan and draft environmental impact state- 
ment for the groundfish fishery in the Bering Sea-Aleutian 
Island area, Vol. 1. Unpubl. manuscr., 224 + 69 p. North Pac. 
Fish. Manage. Counc., Suite 32, 333 W. 4th Ave., Anchor- 
age, AK 99510. 





Catches of ‘‘other flounders’’ by 
Japan in 1977 occurred mainly between 
the 100 and 200 m isobaths from Uni- 
mak Island to lat. 60°N (Fig. 25). This 
species group was also taken in fairly 
high abundance at depths less than 100 
m off Bristol Bay. Catches northwest of 
the Pribilof Islands were almost all rock 
sole and flathead sole while catches 
southeast of the Pribilof Islands and off 
Bristol Bay also included Alaska 
plaice. 


Total Allowable Catches 
in 1979 


Allowable catches of the various 
groundfish resources in 1979 as given 
in the fishery management plan for 
groundfish of the eastern Bering Sea- 
Aleutian Islands regions (North Pa- 
cific Fishery Management Council, 
19781"), are summarized in Table 7. 
Two species categories not previously 
discussed (squid and other species) are 
listed in the table. Although not a de- 
mersal species, squid has been included 
in the management plan because it has 
been targeted on by the Japanese 
groundfish fishery. Little is known 
about the Bering Sea squid resource, 
but it may be large. Catches have 
reached 10,000 t per year in recent 
years and allowable catches have been 
set at that level until more is known 
about the resource. 

The ‘‘other species’? category con- 
sists of miscellaneous incidentally 
caught species such as sculpins, 
poachers (family Agonidae), eelpouts 
(family Zoarcidae), skates (family 
Rajidae), rattails, and numerous other 
species that occur in the Bering Sea. 
During the past 5 years of record, these 
species have composed about 4 percent 
of the total weight of the catch of 
species or species groups (designated 
by name in Table 7) in the eastern Ber- 


"North Pacific Fishery Management Council 
1978. Fishery management plan and draft en- 
vironmental impact statement for the groundfish 
fishery in the Bering Sea/Aleutian Island area, 
Vol. 1. Unpubl. manuscr., 224 + 69 p. North 
Pac. Fish Manage. Counc., Suite 32, 333 W. 4th 
Ave.. Anchorage, AK 99510. 
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Figure 25.—Distri- 
bution of Japanese 
catches of ‘‘other 
flounders”’ in 1977. 


ing Sea-Aleutian Islands regions. The 
allowable catch of ‘‘other species’’ was 
derived by applying the 4 percent figure 
to the total allowable catch of all desig- 
nated species in 1979. 

The combined allowable catch of all 
demersal species in the eastern Bering 
Sea and Aleutian Islands regions is 
slightly over 1.4 million t (Table 7). 
This catch will be divided among the 
various user nations, with the needs of 
the U.S. fishing industry met first and 
the remainder apportioned among the 
foreign fishing nations according to the 
magnitude of their past catches. In 1979 
the domestic allocation is 24,600 t 
(excluding Pacific halibut) and the 
foreign allocation 1,346,475 t. An ad- 
ditional 72,425 t has been set aside as a 
reserve to satisfy any unexpected needs 
of the domestic fishery. If the reserve is 
not utilized by the domestic fishery, it 
will be allocated to foreign fisheries 
during the year. 
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The Cod Family and 
Its Utilization 


JOHN J. RYAN 


Introduction 


Spanish explorers came to the New 
World to find gold and precious stones, 
but the French and Portuguese, fol- 
lowed by the English, crossed the At- 
lantic to catch fish, especially the Atlan- 
tic cod, Gadus morhua. In the 16th 
century, French and Portuguese vessels 
fished the Grand Bank off Newfound- 
land. By the early 17th century, the 
New England colonists were fishing for 
cod (Fig. 1) in the local waters. In 1624 
‘*not less than 50 vessels from Glouces- 
ter’’ fished with handlines off the coast. 
In 1748, the first catch of cod from 
Georges Bank was landed. 

Cod probably has influenced the 
course of American history more than 
any other marine fish. It’s white flaky 
flesh was the foundation of power and 
wealth in colonial America. Cod was to 
young America what coffee was in re- 
cent years to Brazil; it was the first 
product shipped out of colonial Mas- 
sachusetts. A large wooden codfish 
carving was hung in the Massachusetts 
State House in 1784 and is still occupy- 
ing an honored position there. 

As a commercial fish, cod had no 
peer: It was abundant all year. When 
split, salted, and dried, it kept almost 
indefinitely in any climate. Many long 
voyages could not have been possible 


John J. Ryan is a Supervisory Research Food 
Technologist at the Gloucester Laboratory, 
Northeast Fisheries Center, National Marine 
Fisheries Service, NOAA, Emerson Avenue, 
Gloucester, MA 01930. 


November 1979 


Figure 1.—Atlantic cod. 


without dried cod, for ships could carry 
no perishable food as staples. 

The cod family, from an economic 
point of view, is the most important of 
all the families of fishes. The members 
of the cod family are second only to the 
herring family in volume of commer- 
cial landings (Table 1). In contrast to 
the herring family, which is often used 
for industrial purposes, almost all 
of the cod, haddock, hakes, and whit- 
ings are used for human food. In 
1976, 12,116,000 metric tons (t) 
(26,710,000,000 pounds) of the cod 
family were landed worldwide as 
compared with 15,089,000 t 
(33,196,000,000 pounds) of the her- 
ring family (Food and Agriculture Or- 
ganization, 1976). 


Classification 


Twenty-five species of fishes in the 
cod family, Gadidae, are. listed by the 
American Fisheries Society (Bailey et 
al., 1970). They include the following: 
1) Toothed cod, Arctogadus borisovi; 
2) polar cod, Arctogadus glacialis; 3) 
Arctic cod, Boreogadus saida; 4) saf- 
fron cod, Eleginus gracilis; 5) Pacific 


cod, Gadus macrocephalus; 6) Atlantic 
cod, Gadus morhua morhua; 7) Green- 
land cod, Gadus ogac; 8) cusk, Brosme 
brosme; 9) fourbeard rockling, En- 
chelyopus cimbrius; 10) burbot, Lota 
lota; 11) haddock, Melanogrammus 
aeglefinus; 12) silver hake (whiting), 
Merluccius bilinearis; 13) Pacific hake, 
Merluccius productus; 14) longfin 
hake, Phycis chesteri; 15) luminous 
hake, Steindachneria argentea; 16) red 
hake, Urophycis chuss; 17) Gulf hake, 
Urophycis cirratus; 18) Carolina hake, 
Urophycis earlli; 19) southern hake, 
Urophycis floridanus; 20) spotted 
hake, Urophycis regius; 21) white 
hake, Urophycis tenuis; 22) Pacific 
tomcod, Microgadus proximus; 23) At- 
lantic tomcod, Microgadus tomcod; 
24) Atlantic pollock, Pollachius vir- 
ens; and 25) walleye (Alaska) pollock, 
Theragra chalcogramma. 

Although European ichthyologists 
separate the hakes and the cods because 
of differences in the structure of the 
skull and ribs, some American experts 
group them into a single family, and 
they are so listed by the American 
Fisheries Society. 


Table 1.—World commercial catch of fish by species groups, 1973-76. 





Species group 


Catch (1,000 t) 





1973 1974 1975 1976 





Herring, sardines, anchovies, et al. 

Cods, hakes, haddock, et al. 

Freshwater fishes 

Miscellaneous marine and 
diadromous fishes 

Jacks, mullets, sauries, et al. 

Redfish, basses, congers, et al. 


11,314 
11,970 


13,888 13,618 
12,699 11,882 
9,244 9,599 


15,089 
12,116 
9,293 9,532 
8,676 
5,740 
4,320 


8,382 
5,454 
4,865 


8,021 
5,935 
5,071 


8,445 
7,389 
4,950 





Source. “Yearbook of Fishery Statistics, 1976," FAO, Rome, Vol. 42. 
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Figure 2.—Rays and spines. 


The Cods 


The cods, family Gadidae, are soft- 
finned fish lacking true spines; but in 
the whiting, the dorsal and anal fin rays 
are so stiff as to feel like spines. The 
cod family is distinguished from other 
soft-rayed fishes (Fig. 2) by the fact that 
the large pelvic fins are situated under 
or in front of the pectorals and not be- 
hind them as in salmon and herring. 
The cods are generally fishes of cold 
water, and most of them live close to 
the bottom. 

Codfish are found on both sides of 
the Atlantic Ocean, in the north Pacific 
Ocean, and in the Arctic Ocean down to 
about 250 fathoms (457 m). The best 
cod fishing grounds are offshore banks 
including Georges Bank 150 miles (240 
km) off Boston, Mass., and Grand 
Bank off Newfoundland where modern 
trawlers may take 35 tons of cod in only 
a few hours of fishing. 

The most important of the cods is the 
Atlantic cod, which includes several 
geographical subspecies. These are the 
Baltic cod, Gadus morhua callarias, 
found in the Baltic Sea and parts of the 
North Sea; the Kildin Island cod, Gadus 
morhua kildinensis, which lives ina salt 
pond, Lake Mogilno, on an island in the 
Baltic Sea; and the White Sea cod, 
Gadus morhua marisalbi, found in the 
Arctic Sea. The Greenland cod, Gadus 
ogac, often considered a separate 
species, is found mostly in inlets and in 
the shallow water of the Arctic Ocean 
from West Greenland to Point Barrow, 
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Alaska. Additionally, the Pacific cod, 
Gadus macrocephalus, is considered 
by most taxonomists as a separate 
species. 


Atlantic Cod 


The Atlantic cod (Fig. 1) is oval in 
cross-section with three distinct dorsal 
fins, two anal fins, and a nearly square 
tail. Its color varies from olive green to 
reddish brown depending on the 
background of its habitat. The lateral 
line is white, and the skin has many 
small scales. Most cod average about 3 
feet (0.9 m) in length and weigh from 
10 to 25 pounds (4.5 to 11.3 kg). 

A giant cod was caught by commer- 
cial fishermen off the northern Mas- 
sachusetts coast on a line trawl in May 
1895 (Jordan and Evermann, 1902). It 
measured over 6 feet (1.83 m) in length 
and weighed 211% pounds (95.8 kg). 
This was an old fish, but no one knows 
how old. 

The cod is found on both sides of the 
North Atlantic Ocean and Arctic Ocean 
down to about 1,500 feet (457.2 m). 
Although the cod is a demersal or bot- 
tom-living fish, when in search of food 
it may be found near the surface. It 
prefers rocky, pebbly, or sandy bot- 
toms, and water temperatures from 32° 
to 50°F (0° to 10°C). 

The adult cod feeds mostly on small- 
er fish such as sand eels, Ammodytes 
sp.; capelins, Mallotus sp.; herrings, 
Clupeidae; and other small cod, and/or 
shellfish such as shrimp, mussels, 


clams, crabs, and squid. When hungry, 
it will eat almost anything such as false 
teeth, old boots, and pieces of wood. At 
times, it eats small floating mollusks 
which cause its flesh to exhibit a strong 
odor of iodine when cooked. 

Cod migrate principally because of 
changes in the temperature of the water, 
better availability of food, and the 
search for suitable spawning locations. 

Growth rates differ from ground to 
ground, but the cod is a relatively fast 
growing fish and can theoretically live 
to an age of 50 years. A 1-year-old cod 
is usually about 7 inches (17.8 cm) 
long; a 2-year-old will be about 14 
inches (35.6 cm); and by the end of the 
third year, the cod is about 22 inches 
(55.9 cm) long. Growth is slower in 
colder waters. Cod in Arctic waters 
reach maturity in 6-8 years at 6-8 inches 
(15.2-20.1 cm) in length. 

The cod is one of the more prolific 
fishes. It has been calculated that if all 
the eggs spawned by all female cod in 
one spawning season were to survive, 
the oceans would be one mass of cod 
(Jensen, 1972). One female cod may 
release from 3 to 7 million eggs at a 
time. A 75-pound (34.0-kg) female cod 
can produce 9.1 million eggs. Spawn- 
ing takes place in shallow (5-25 
fathoms or 9.15-45.7 m) waters usually 
in the early spring. The eggs are 
buoyant and transparent without oil 
globule and '/20-'/16 inch (1.27-1.59 
mm) in diameter. At 43°F (6.2°C), 
hatching may be expected in 14 or 15 
days. The newly hatched larvae feed 
mainly on plankton and drift with sur- 
face currents. When the larvae have 
grown to a length of about 3 inches (7.6 
cm), they move to the ocean bottom 
where they feed on worms and small 
shrimps. Only a few eggs out of the 
millions spawned will survive and be- 
come mature fish. 


Pacific Cod 


The Pacific cod, Gadus macrocepha- 
lus, (Fig. 3) is also known as cod, true 
cod, and gray cod. In appearance and 
habits, it resembles its cousin, the At- 


lantic cod. In 1976, close to 
11,900,000 pounds (5,400 t) of Pacific 
cod were landed in the United States 
with a value of $1.5 million (Robinson, 
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1977). The 5-year average was 
9,200,000 pounds (4,170 t) compared 
with 56,000,000 pounds (25,100 t) of 
Atlantic cod. Its head is large (i.e., 
macrocephalus), and it has three dorsal 
and two anal fins. Its color is brown to 
gray on the upper surfaces and white on 
the anal and caudal fins with many 
brown spots on the back and sides. It 
grows fast, reaching an average length 
of 3 feet 3 inches (1 m) and a weight of 
35 pounds (15.9 kg) in 2 to 3 years. 

Pacific cod are found in the North 
Pacific Ocean from California to north- 
ern Alaska and in a great arc to Korea. 
Spawning takes place in winter or early 
spring, although the spawning grounds 
are relatively unknown (Hart, 1973). 
As many as half a million eggs may be 
produced by each female and they hatch 
in 8 or 9 days at 52°F (11°C). The 
young fish usually migrate northward to 
the colder waters of Washington, Ore- 
gon, or Alaska. They mature within 2-3 
years with an 8-9 year life span (Hart, 
1973). 

The Pacific cod’s white flesh has a 
mild flavor and flakes easily. It is mar- 
keted as fresh and frozen fillets with 
some of the catch sold as whole fresh 
fish. The early Pacific cod fishery was 
handicapped by false rumors by New 
England dealers that it was not a true 
cod and that it was an inferior fish that 
would not keep. Upon completion of 
the transcontinental railroads, markets 
widened. 


Polar Cod 


The polar cod, Boreogadus saida, 
(Fig. 4) normally grows to only 6-8 
inches (15.2-20.3 cm) long, but may 
grow to 15 inches (38.1 cm). It resem- 
bles the pollock and is found in the 
Arctic Ocean from Greenland to 
Siberia. It is circumpolar, traveling the 
White Sea to Spitzbergen to Iceland, 
Greenland, Canada. Alaska, etc. The 
polar cod is generally not considered 
important for human food. It may be 
distinguished from related species by a 
forked tail and slender body (Leim and 
Scott, 1966). 

A cousin, the Arctic cod, 
Arctogadus glacialis, is being fished by 
the Norwegians for meal and oil but is 
of little importance as a food. 
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Figure 3.—Pacific cod. 


Figure 4.—Polar cod. 


Greenland Cod 


The Greenland cod, Gadus ogac, is 
very similar to the Atlantic cod, Gadus 
morhua morhua, in form, but it lacks 
the distinguishing round spots of the 
Atlantic cod, and its lateral line is not 
accompanied by a light longitudinal 
stripe on the tail as is the Atlantic cod. It 
grows to 28 inches in length and ranges 
from west Greenland, west to Point 
Barrow, Alaska, and thence along the 
Arctic coast east and south to the 
Miramichi estuary, Gulf of St. Law- 
rence, and Cape Breton Island (Hart, 
1973). Its commercial importance is 
indicated by a catch of 4,642 t in 1975 
(Table 2). 


Haddock 


The most valuable member of the 
cod family in the United States is the 
haddock, Melanogrammus aeglefinus, 
(Fig. 5). The primary distinguishing 
marks of the haddock are the black lat- 
eral line and sooty black shoulder 
blotch called the ‘‘Devil’s thumb 
print’ or “*St. Peter’s mark.’ Also, the 


pointed first dorsal fin is different from 
that of other relatives. 

Haddock are found in the North At- 
lantic Ocean along the coasts of New- 
foundland, Nova Scotia, and the Gulf 
of Maine, and on Georges Bank, 150 
miles (240 km) east of Massachusetts. 
In the northeast Atlantic, it is found off 
the coast of northern Europe, the 
British Isles, and Iceland. Haddock are 
bottom dwelling fish in areas where 
water temperatures range from 35° to 
48°F (1.7° to 8.9C). They are usually 
caught on an ocean bottom that is of 
hard, smooth sand; gravel; or broken 
shell. They like smooth areas between 
rocky patches. 

Haddock in the Gulf of Maine spawn 
from late February until May with a 
peak in March and April. The haddock 
is a prolific fish for its size; a single fish 
may produce from 150,000 to 
1,000,000 eggs. A 19%-inch (0.5-m) 
female produces 169,000 eggs; a 24- 
inch (0.6-m) one, 634,000 eggs; and a 
28%-inch (0.7-m) one, 1,840,000 
eggs. Spawning occurs near the sea 
bed. The eggs of the haddock are 
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Figure 5.—Haddock. 


Table 2.—World commercial catch of cod family, excluding hakes, in 
thousands of metric tons (live weight). 





Species 1972 


1973 1974 1975 





Atlantic cod 

Gadus morhua morhua 
Pacific cod 

Gadus macrocephalus 
Greenland cod = 
Gadus ogac 

Polar cod 

Boreogadus saida 
Haddock 

Melanogrammus aeglefinus 
Poliock 

Pollachius virens 

Alaska pollock 

Theragra chalcogramma 
Ling 

Molva molva 

Blue ling 

Molva dypterygia 

Norway pout 

Trisopterus esmarkii 

Bib 

Trisopterus luscus 

Blue whiting 
Micromesistius poutassou 
Atlantic tomcod 
Microgadus tomcod 
Grenadier 

Macrourus spp. 


2,742,700 


150,700 


167,100 
549,200 
653,700 
4,213,300 
60,500 
8,000 
525,100 
23,100 
50,900 
300 
7,300 


2,540,000 2,811,495 2,422,131 


150,700 161,533 166,955 


1,000 3,391 4,642 


82,200 125,188 63,162 


624,900 581,488 529,132 


662,800 716,411 680,101 


4,617,100 4,907,362 5,023,925 


70,800 67,328 54,313 


11,400 9,782 12,244 


500,400 695,388 


25,700 24,496 


50,200 68,900 


400 271 203 


3,900 14,100 37,295 





Source: Food and Agriculture Organization of the United Nations, 1976. 


buoyant and are found near the surface 
of the sea. Haddock eggs hatch in 13-24 
days at 41°F (5°C), and the larvae are 
about 3/16 of an inch (4.8 mm) long and 
drift with the current. The tiny haddock 
are nourished at first by the egg yolk 
and later feed on zooplankton. At about 
4-5 months, the young haddock start to 
descend to the ocean floor where they 
live the rest of their lives (Bigelow and 
Welsh, 1924). 

During its first 3 years, a haddock 
grows fast. A 1-year-old haddock aver- 
ages 72 inches (19.05 cm) in length, a 
2-year-old haddock measures 12% in- 
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ches (31.1 cm), and a 3-year-old had- 
dock, 17 inches (43.2 cm). The had- 
dock seldom grows longer than 36 
inches (91.4 cm) in length or weighs 
over 25 pounds (11.3 kg). The haddock 
is a bottom feeder. Shrimp, crabs, 
worms, squid, and, at times, small fish 
form the diet for this species. 

Most of the U.S. haddock catch is 
taken with otter trawls (Robinson, 
1977). The otter trawl (Fig. 6) is a 
funnel-shaped net which is towed over 
the sea floor behind a fishing vessel. 
The mouth of the net is kept open by 
two wooden or steel otter boards— 10 


feet (3.0 cm) long, 4 feet (1.2 m) wide, 
and 4 inches (10.2 cm) thick—that are 
rigged ahead of the net on towing warps 
in such a way that they behave like 
kites. The catch accumulates in a bag at 
the narrow cod end. The size of net 
depends upon the size and power of the 
vessel and the design of the gear. Some 
haddock are also caught with longlines, 
fish traps, and gill nets. 

Landings of haddock in the U.S. dur- 
ing 1976 were only 12.8 million pounds 
(Robinson, 1977). From 1924 to 1966, 
the haddock fishery never yielded less 
than 100,000,000 pounds (45,000 t). 
Landings for a 5-year average for had- 
dock (1971-75) were 13.2 million 
pounds. 

Haddock are caught, handled, and 
processed about the same as the Atlan- 
tic cod. The haddock is used to make a 
number of smoked fish products such as 
finnan haddie and other cold smoked 
products such as the golden cutlet and 
the smoked single fillet. The chemical 
composition of haddock flesh is similar 
to that of cod. 


Atlantic Pollock 


The Atlantic pollock, Pollachius vi- 
rens, (Fig. 7) also known as pollock, is 
another cod relative. It is dark greenish 
in color and usually olive or greenish 
gray with silver tints on the lower side. 
A light lateral line extends the length of 
the body and is in contrast to the dark 
sides. It has a spindle-shaped stream- 
lined body with a forked tail. The aver- 
age size is 2-3 feet (61.0-91.4 cm), and 
the average weight is 4-12 pounds 
(1.8-5.4 kg) (Bigelow and Welsh, 
1925). Large pollock feed on other fish 
while the smaller ones feed on crusta- 
ceans. 

The pollock is seldom taken at above 
50°F (10°C) temperatures. Most of the 
pollock are caught in mid-water using 
high opening trawls. It is one of the 
most active members of the cod family. 
It occurs in large schools that may be 
found at any level between the surface 
of the water and the bottom. 

The pollock spawns in late fall and 
early winter. Large pollock may pro- 
duce over 4 million eggs, although the 
average number is about 22,000. The 
buoyant eggs hatch in 6 days at 50°F 
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(10°C) water temperature. The fish 
grows to 5-7 inches (12.7-17.8 cm) by 
the end of the first year and usually 
achieves 18 inches (45.7 cm) by the end 
of the third year. 

Small pollock migrate into coastal 
waters in the spring and remain all 
summer. In the winter, they move to 
deeper water. Pollock often school at 
this time with 80 percent of the landings 
taken during October, November, and 
December. 

The pollock is similar in flavor, odor, 
and texture to cod and haddock and is 
usually marketed in fillet form. It 
makes a good dry salt fish, and some are 
smoked. 


Alaska Pollock 


The Alaska pollock, Theragra chal- 
cogramma, (Fig. 8) has become an 
important food fish. Pollock blocks ac- 
counted for 25 percent of all block 
imports in 1976. The Republic of Korea 
was the principal supplier of pollock 
blocks (61 percent of the total) followed 
by Japan (11 percent of the total) 
(Capalbo and Kinoshita, 1977). 

The Alaska pollock, low in the 
marine food chain, feeds on planktonic 
crustaceans such as copepods, amphi- 
pods, and shrimp-like euphausiids. 
These are concentrated in the nutrient- 
rich, shallow waters of the continental 
shelf and slope. The pollock is usually 
mature at 3-4 years when it is about 15 
inches (38.1 cm) long. 


The Hakes 


For many years, the hakes were con- 
sidered to be trash fish. Recently, 
foreign vessels have started to exploit 
several hake species (Table 3) (Fig. 9). 
These include the whiting or silver 
hake, Merluccius bilinearis, (Fig. 10); 
the Atlantic hake, Merluccius albidus, 
found on Georges Bank and off the 
middle Atlantic States; and the Pacific 
hake, Merluccius productus, found in 
the North Pacific Ocean. In the eastern 
Atlantic, a close relative of the silver 
hake, the European hake, Merluccius 
merluccius, is found. It also occurs off 
North Africa in both the Atlantic Ocean 
and the Mediterranean Sea. 

Large amounts of hake are being 
used for the production of fish blocks 


November 1979 


iy 
7, “leet, 
MEE SEOK 
SER ey yy 
Lg 


Ma tliit ein 3 
ies 


Figure 8.—Alaska or walleye pollock. 


and dressed fish. South American hake, 
Merluccius hubbsi, is a resource with 
an estimated stock of 3,000,000 t and a 
possible yield of 555,000 t per year, 
offering an alternative to shortages of 
the Atlantic cod. The Chilean hake, 


Merluccius gayi, is being sought by a 
Polish-Peruvian fishing company off 
the Peruvian shelf. The South African 
hake, Merluccius capensis, is another 
species presently under development as 
an alternate to Atlantic cod. The New 
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Figure 9.—Worldwide hake, Merluccius spp., distribution, modified after Cabo 
(1965). Source: Grinols and Tillman, 1970. 


Zealand hake, Merluccius australis, 
occurs off New Zealand. The Panama- Table 3.—World commercial catch = _— 1972-75, in thousands of metric 
nian hake, Merluccius angustimanus, Species 1972 1973 1974 1975 


is found from southern California to Silver hake (whiting) 233,000 434,900 225,625 230,529 


. Merluccius bilinearis 
Panama. All species of the hake are Chilean hake 107,600 223,900 163,652 142,593 
slender, streamlined in shape, and dif- Merluccius gayi 

§ scciemmea ot Argentine hake 139,300 187,500 199,400 152,400 
fer from other cod species in having two acacia’ Katie! 
dorsal fins and one anal fin. Pacific hake 119,600 163,500 205,786 230,350 


. .: P Merluccius productus 
Otter trawl is the main fishing gear Benguela hake 100 100 100 496 


ugh pound and tra Merluccius polli 
used for hake, although p P European hake 116,500 129,500 131,666 136,779 
nets are also used. Despite the soft tex- Merluccius merluccius 
: Cape hake 1,111,300 892,600 726,934 626,751 
ture, hakes are amenable to mechanical ie 
handling on ship or ashore. Senegalese hake 36,900 101,700 102,822 86,530 
Merluccius senegalensis 

ses Red hake 76,100 66,700 36,334 32,319 

Whiting Urophycis chuss 


a ’ : White hake 21,200 18,400 18,337 19,810 
Whiting or silver hake, Merluccius Urophycis tenuis 


bilinearis (Fig. 10), are found on the Source: Food and Agriculture Organization of the United Nations, 1975. 
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continental shelf from Newfoundland 
to South Carolina. In winter, these fish 
move into deeper water and go further 
south. Whiting are silvery over the 
whole body with brown or dark gray 
tints on the upper surface of the body. 
They have two dorsal fins and one anal 
fin with no barbel on the lower jaw. 
They reach a length of about 2% feet 
(0.8 m) and a weight of 5 pounds (2.3 
kg). 

Whiting are lean, firm textured, flaky 
fish and are very tasty. The two major 
U.S. market forms are either headed 
and eviscerated fish or filleted. A small 
amount of the headed and eviscerated 
whiting is smoked. 


Pacific Hake 


Pacific hake, Merluccius productus 
(Fig. 11), are found from the Gulf of 
California to the Gulf of Alaska and 
from the surface to 491 fathoms (900 
m). Most Pacific hake are from | to 1.5 
feet (30 to 46 cm) long with a record 
length to about 3 feet. Their color 
ranges from gray to dusty brown with a 
brassy overtone. Because of certain 
deficiencies of texture of the flesh, the 
Pacific hake has not commanded a very 
large market. Recent attempts to 
popularize this fish may result in more 
widespread acceptance. 


White Hake 


White hake, Urophycis tenuis, (Fig. 
12) also called Boston hake, is muddy 
colored or purplish brown on the back. 
The sides at times are bronze and the 
belly is grayish white or yellowish 
white, peppered with tiny black dots. 
The maximum length is about 4 feet, 
the weight 40 pounds, but most average 
no more than 5-8 pounds. There are 
only two dorsal fins (the second is much 
longer than the first), one anal fin, and 
the ventral fins are long and narrow. It 
is distributed in deep water from New- 
foundland to Cape Hatteras and is usu- 
ally found on soft, muddy bottoms. It 
feeds on small crustaceans, squid, and 
small fish (Bigelow and Welsh, 1925). 
The larger fish are usually marketed as 
fresh or frozen fillets, while the smaller 
ones are used for animal feed. 
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Figure 11.—Pacific hake. 


Figure 12.—White hake. 





Figure 13.—Red hake. 


Red Hake 


The red hake, Urophycis chuss, 
(Fig. 13) usually weighs 1-3 pounds 


(0.45-1.4 kg) and seldom measures 
over 30 inches (76.2 cm) long. It is 
reddish in color on the back and sides 
and white to yellowish on the belly. 
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Figure 14.—Blue whiting. 


Red hake is abundant off the U.S. east 
coast and could be used to produce fish 
protein concentrate. A 5-year average 
landing (1971-75) of red hake was 
2,680,000 pounds (1,220 t) with 
4,970,000 pounds (2,250 t) landed in 
1976 (Robinson, 1977). 

Red hakes are sluggish swimmers 
which are usually found over soft bot- 
toms. The young hakes are abundant, 
close to shore in eel grass beds. They 
feed on small crustaceans, squid, and 
small fish (Bigelow and Welsh, 1925). 
Spawning usually occurs from July 
through September in shoal waters. 
Red hake grows to 8 inches (20.3 cm) 
by the end of the first year and 16-19 
inches (40.6-48.3 cm) by the end of the 
third year. Dense schools of red hake 
migrate in early spring into shoal wa- 
ters. Hakes move around less than cod 
and haddock and tolerate a greater 
temperature range. Red hake is usually 
marketed as fresh or frozen filiets with 
the smaller fish used for mink, cat, and 
poultry feed. 


South African Hake 


The South African hake, Merluccius 
capensis, called stockfish by the South 
Africans, is a fairly large fish growing 
up to 4 feet (1.2 m) in length. It is 
silvery gray in color with a spot of black 
on the inside of its lower front fins. 
South African hake is a bottom dweller 
and is usually caught by trawlers in 
huge nets pulled along the sea bottom in 
depths of 300 fathoms (549 m). Large 
amounts of the South African hake are 
made into fish blocks which are used for 
producing fish sticks and portions. 


Argentine Hake 


Argentine hake, Merluccius hubbsi, 
is usually found off the coast of 
Uruguay during winter (May-June). 
The schools then concentrate in the 
southern Argentina region (lat. 42° and 
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45°S). It has been estimated that a pos- 
sible annual yield of 1,200,000,000 
pounds (555,000 t) could be exported. 
Most of the production goes into fillet 
blocks, but consideration is being given 
to boil-in-the-bag frozen products to 
take advantage of superior packaging. 


Blue Whiting 


The blue whiting, Micromesistius 
poutassou, (Fig. 14) is also a gadoid 
fish and can be recognized by its bluish 
color, long slender shape, and lack of 
barbel. 

Blue whiting is usually found in wa- 
ters > 100 fathoms (> 183 m) deep on 
and beyond the edge of the continental 
shelf. It is distributed from the Mediter- 
ranean to the north of Norway and Ice- 
land, and some are found in the Ba- 
rent’s Sea and off Spitzbergen. Large 
amounts have been found west of Brit- 
ain and in the Norwegian Sea (Anon- 
ymous, 1976). 

Results of fishery research work car- 
ried out so far indicate that a stock of at 
least several million tons of blue whit- 
ing exists in the northeast Atlantic west 
of the British Isles. At present, it ap- 
pears most likely that this species could 
sustain an annual yield of over 
1,000,000 t which could be used in the 
manufacture of a wide range of fishery 
products (Anonymous, 1976). Consid- 
erable research is being carried out by 
Great Britain to market this fish in the 
form of fish blocks. 


Other Species 
Burbot 


A freshwater relative of the Atlantic 
cod, the burbot, Lota lota, is found in 
the Great Lakes and in smaller lakes 
and some rivers of the north central 
states and Canada. Usually, it remains 
in the deeper part of the water. It is a 
long and rather slender fish with three 


whisker-like barbels. It looks more like 
cusk than a cod. The average size of 
burbot is about 15 inches (38.1 cm) 
long and | pound (454 g) in weight. The 
burbot also occurs in the northern part 
of Eurasia. 

The flesh of the burbot resembles that 
of the cod and haddock. Salt burbot is 
very much like salt codfish and is very 
popular in Europe for its white and deli- 
cate flesh. Large quantities of burbot 
are marketed as pet food. 


Tomcod 

There are two tomcods: 1) The Atlan- 
tic tomcod, Microgadus tomcod, and 2) 
the Pacific tomcod, Microgadus prox- 
imus. The Atlantic tomcod, also called 
frost fish, looks exactly like Atlantic 
cod but is much smaller and has blotch- 
ier color patterns. The maximum length 
is about 14 inches (35.6 cm) with most 
9-12 inches (22.9-30.5 cm) long. 

The Pacific tomcod is found from 
California to Alaska. Both species live 
in estuaries or shallow water and are 
often caught by recreational fishermen. 
Tomcod has limited commercial use as 
human food because it is not abundant 
enough. 


European Cods 


Some members of the cod family 
which are landed in England and north- 
ern Europe are the big or whiting pout, 
Trisopterus luscus; the European whit- 
ing, Merlangius merlangus merlangus; 
the poor cod, Trisopterus minutus 
minutus; the Norway pout, Trisopterus 
esmarkii; and the fork beard, Phycis 
blennoides. The European ling, Molva 
molva, is dried as stockfish in Iceland. 
This species is not common to the At- 
lantic waters of North America (Jensen, 
1972). 


Fourbeard Rockling 


The fourbeard rockling, En- 
chelyopus cimbrius, occurs on both 
sides of the North Atlantic. Color of 
back is brown or dark olive with a white 
belly dotted with brown. On the North 
American side, it is found from New- 
foundland to New York in coastal wa- 
ters and as far south as North Carolina 
on the continental shelf (Bigelow and 
Welsh, 1925). It is small, reaching a 
length of about 1 foot (30.5 cm). The 
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fourbeard rockling is a bottom dwelling 
fish found in depths of water from 
2,000 to over 4,000 feet (610 to over 
1,220 m). Its principal foods are small 
fishes and crustaceans. It has no 
economic value. 


Cusk 


Cusk, Brosme brosme, also occurs 
on both sides of the Atlantic (Leim and 
Scott, 1966). On the North American 
side, it is found from Newfoundland to 
Cape Cod and may go as far south as 
New Jersey. It is found in waters from 
10 to 300 fathoms (18.3 to 549 m). It 
prefers cool water and a rough, rocky, 
gravelly, or pebbly bottom. Its color 
varies according to the bottom where 
the fish live: The back ranges from 
sooty to dull reddish brown with 
grayish lower sides; white dorsal, anal, 
and caudal fins have black margins 
edged narrowly with white. It is easily 
separated from other relatives by the 
fact that it has but one dorsal fin. Its 
average length is 1'2-2% feet (0.5-0.8 
m), and the weight varies from 5 to 30 
pounds (2.2 to 13.6 kg). Spawning 
takes place in spring and summer. Cusk 
feed on crustaceans and shellfish. The 
cusk is a good food fish marketed 
largely as fresh and frozen fillets in the 
commercial fisheries north of Cape 
Cod. Unlike most of the other bottom 
fishes, it does not school but is solitary. 
It is usually caught incidental to cod 
fishing. The European cusk (torsk) is 
found on the European coast, on the 
north coasts of the British Isles, Den- 
mark, the northern part of the North 
Sea, and Kattegat to Iceland, and the 
Murman Coast (Leim and Scott, 1966). 


False Cods 


Because of the successful marketing 
of cod, a number of “false cods” have 
appeared (Jensen, 1972). These ‘‘false 
cods”’ include the sablefish, also called 


blackcod, Anoplopoma_ fimbria, 
(southern California to northwestern 
Alaska); the longspine channel 
(thornyhead) cod, Sebastolobus al- 
tivelis, (from Baja California, to the 
Aleutian Islands); the chilipepper, 
Sebastes goodei, (Baja California, to 
Cape Scott); the lingcod or cultus cod, 
Ophiodon elongatus, (southern Cali- 
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fornia to northwestern Alaska); and the 
bull or blue cod, Scorpaenichthys 
marmoratus, actually a sculpin whose 
common name is cabezon (off the 
Pacific coast). 

Most of these species belong to the 
scorpion fish family, Scorpaenidae. 
The Pacific coast’s sablefish has a high 
reputation as a smoked product. Ling- 
cod is a member of the Hexagrammidae 
family, a group known as greenlings. It 
is highly esteemed as a food fish on the 
Pacific coast. It is marketed as dressed, 
fillets, and steaks. A large portion goes 
into the “‘fish and chips’’ trade. 


Utilizing the Cod 
Cod as Food 


As a food fish, cod is very adaptable. 
Its flesh is nutritious without being 
fatty. It adapts to almost all forms of 
fish cookery with its meat being white 
and delicately flavored. 

A yield of 41-45 percent is typical for 
machine filleted skinless cod with an 
average of 43 percent. On an average, 
the chemical composition of the Atlan- 
tic cod is as follows: Fat, 0.3 percent; 
protein, 17.9 percent; ash, 1.1 percent; 
and moisture, 81.1 percent (Sidwell, 
1974). 

The flesh of the cod family is rather 
coarse grained and low in fat because 
the fish store most of their fat in the liver 
rather than in the flesh. 

As the cods usually have their gills 
removed from April to November and 
are eviscerated at sea, the best signs of 
freshness in eviscerated cod are 
firmness of flesh, odor in the belly cav- 
ity, and the condition of the eyes. If the 
eyes are cloudy and sunken, spoilage 
may be present. The appearance and 
odor of the slime is an indicator of 
freshness. 

One factor that has led to the in- 
creased consumption of cod in recent 
years has been the rise of ‘‘fish and 
chips” type restaurant chains. One 
such restaurant chains’ consumption of 
cod blocks is now running in excess of 
9,000 t (20 million pounds). Other fast 
food service chains have elected to use 
cod rather than alternative species in 
their fish sandwiches. Medium priced, 
family style restaurants are also large 


users of cod fillets and breaded por- 
tions. 


Harvesting the Cod 


Today, about 85 percent of the Gulf 
of Maine Atlantic cod catch is made by 
otter trawls, only about 10 percent in 
longlines, about | percent in gill nets, 
and less than | percent in pound nets or 
handlines (Jensen, 1972). Others are 
caught by traps, jiggers, and Danish 
seines. In 1976, 55,800,000 pounds 
(25,300 t) of Atlantic cod were landed 
in the United States (Robinson, 1977). 
The 5-year average (1971-75) was 
53,200,000 pounds (24,100 t). 

Normal cruising duration for trawl- 
ers is 7-10 days when trawling for cod 
and other groundfish. Fishing opera- 
tions are from 4 to 7 days in duration, 
the average being 5 days. Fishing oper- 
ations are carried out ‘‘round-the- 
clock’’ by alternating deck crews. 


Handling the Catch 


Aboard the vessel, the fish are re- 
moved from the water as soon as possi- 
ble after catching. Trawl-caught fish 
are washed to remove sand, mud, or 
debris. They are always eviscerated to 
eliminate bacteria and enzymes from 
the intestines. Often the gills are re- 
moved between April and November, 
and the fish are washed again in clean 
water. The cod are then stored in 
enough crushed ice to keep them as 
close to 32°F (0°C) as possible. Correct 
icing requires a great deal of care and 
experience. Sufficient ice should be 
placed on the floor of each pen. Ample 
ice should be placed at the sides of the 
vessel and adjacent to the wing boards 
of each pen. 

Boxing is being adcpted aboard 
many of the progressive vessels be- 
cause it can be the most satisfactory 
method of stowing fish in the hold. It 
offers the additional advantage that the 
fish can be landed in the same boxes and 
distributed without further rehandling. 
Boxed fish are not often crushed or 
bruised as shelved or bulked fish. The 
contents and the date of catch may be 
recorded on each box. The boxes may 
be either wooden, light plastic, or metal 
alloy. They are designed so that a stack 
of them is stable. Drainage is designed 
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so that the melted ice water runs to the 
corners of the bottom so the box will not 
drain into the box below. They make 
unloading the fish much simpler. 


Selling the Catch 


The fisherman’s catch may be sold in 
a variety of ways. Fish may be sold at 
auction or directly to a shore plant at the 
prevailing auction prices. In some 
cases, the boats may be working under 
contract or be owned by a shore plant. 
In the Boston area, the catch is sold to 
the processors through the New En- 
gland Fish Exchange. At the Exchange, 
processors are offered, through public 
auction, the opportunity to bid for each 
vessel’s catch. State and Federal fish 
inspectors may examine the catch for 
condition and quality. 

Once the catch has been sold, un- 
loading of the fish is begun. The fish are 
hoisted out of the hold of the vessel in 
100-pound (45.5-kg) capacity canvas 
baskets which are emptied into wooden 
“‘weigh’’ boxes mounted on scales. 
After weighing, the fish are transferred 
into carts, boxes, or barrels and trans- 
ported to the fish plants for processing. 
If the fish are not processed immediate- 
ly, they are reiced or held in chill rooms 
at as close to 32°F (0°C) as possible. 

The usual market classifications in 
the New England Fish Exchange are: 
Scrod, 1.5-2.5 pounds (0.7-1.1 kg); 
market, 2.5-10 pounds (1.1-4.5 kg); 
large, 10-25 pounds (4.5-11.3 kg); and 
extra large, over 25 pounds (> 11.3 
kg). 

Today the usual market forms of cod 
are dressed fish, steaks, skin-on fillets, 
and skinless fillets. Dressed and 
steaked cod are sold freshly iced, and 
the fillets are sold both fresh and frozen. 
The steps involved in preparing fillets 
consist of: 1) Washing the fish, 2) fillet- 
ing the fish, 3) skinning the fillets 
(where applicable), and 4) washing or 
brining the fillets. 


Processing 


In processing, the fish are first 
washed with cold potable water or 
chlorinated seawater to remove slime, 
blood, and ice. The washed fish are 
then carried by conveyor belt to the 
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filleting area where filleting operations 
are done by hand or, in the more mod- 
ern plants, by automatic machinery. 
After filleting, the fillets may or may 
not be skinned. If the fillets are skinned, 
the skin is removed either by hand or by 
automatic machinery. The fillets are 
then conveyed on a moving belt to a 
tank containing brine or water for wash- 
ing the fillets. Brine, when used, is 
normally 10-15 degrees salometer. 
After brining or dipping in water, the 
fillets are drained on an inclined con- 
veyor belt and conveyed to the packing 
tables where they are inspected for 
blemishes. 


Fillets 


Fillets used in retail trade are placed 
in either 12-ounce (0.3-kg) or 1-pound 
(0.45-kg) telescoping cartons which in 
turn are overwrapped with heat-seal- 
able, moisture-vapor-proof material. 
Fillets used for the institutional trade 
are wrapped in approximately 1-pound 
(454-g) packages using a transparent 
innerwrap of cellophane or its equiva- 
lent and which are, in turn, packed into 
5- or 10-pound (2.3- or 4.5-kg) wax 
cardboard master cartons. Slack fill is 
avoided during packaging, since the 
presence of voids will contribute to a 
loss of quality during frozen storage. 

The packaged fillets are blast frozen 
in air or are plate frozen; the latter 
method is more common and results in 
a better looking packaged product. In 
the plate freezer, the filled packages are 
placed in metal trays which, in turn, are 
inserted between two refrigerated 
plates. When the freezer is loaded, the 
refrigerated plates are hydraulically 
lowered so that contact is maintained 
between the top and bottom of the 
packages and the refrigerated plates 
during the freezing period. Suitable 
spacers are used between plates to 
maintain sufficient space between 
cartons to prevent their being crushed 
during freezing. After freezing, the 
packages of frozen fillets are packed in 
master cardboard cartons and placed in 
frozen storage. To prevent rapid loss in 
quality during storage, a temperature of 
less than O°F (—18°C) should be main- 
tained until the fillets, as well as all 
other fishery products, are delivered to 


the consumer at the retail market. 
Freezer storage temperatures above 0°F 
(—18°C) result in a rapid loss in quality 
due to toughening and rancidity. 


Fish Fillet Blocks 


A large portion of the foreign cod 
caught is imported for the production of 
fish sticks and portions. Fish fillet 
blocks are prepared by placing the 
boneless and usually skinless fillets in a 
fiberboard container either parallel or 
perpendicular to the long axis of the 
container. The thick part of the fillet is 
placed adjacent to the edge of the con- 
tainer, and the thin portion is placed in 
the center. The depression is filled up 
with fillets until the desired weight is 
obtained. The most popular weights of 
fish blocks are 13.5 pounds (6.1 kg), 
16.5 pounds (7.5 kg), and 18.5 pounds 
(8.4 kg). For freezing, the blocks are 
put into a tray and placed into a multi- 
piate compression freezer with spacers 
slightly smaller in depth. This causes a 
slight compression which smooths out 
the surface and fuses the fillets into a 
single block. 

The fish blocks are further processed 
by cutting with a band saw or gang saw 
(series of circular saw blades on a single 
axis) or by shearing with a guillotine- 
type machine into fish sticks or larger 
fish portions in sizes between 1.5 and 5 
ounces (43 and 142.0 g). These sticks 
or portions are covered with a liquid 
batter and then dusted with bread 
crumbs. Recently, a new processing 
technique using a tempura-type batter 
as the sole covering has been quite suc- 
cessful. Tempura is a viscous batter 
which is applied over a flour or dry 
batter base and then fried. The batter 
and breading ingredients are usually 
supplied by specialty manufacturers of 
these items. Following battering and 
breading, the sticks and portions may 
be heated in oil at about 375°F 
(190.6°C) for 30 seconds or less. Fol- 
lowing this operation, the sticks and 
portions are cooled and may be either 
individually frozen and packaged or 
packaged and frozen in a plate freezer. 
As is done with the frozen cod fillets, a 
storage temperature of at least 0°F 
(—18°C) should be maintained to retain 
the quality of the sticks and portions. 
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Salted Cod 


Although the amount of salted fish 
produced in the United States is very 
small, imported salt-dried cod is still 
used as such or as fish cakes. Salt-dried 
fish is normally prepared by heading the 
eviscerated fish and splitting it open to 
the tail. After removing the backbone, 
the fish are washed and the black lining 
is removed. The washed fish are salted 
flesh side up either in a large barrel or 
piled on a solid floor (kench). The fish 
are laid in piles with layers of salt in 
between until the top layer of fish is 
reached, which is placed skin side up. 

Salt content of cod varies from 4 per- 
cent for a very lightly salted product 
with a curing time of 2 days to 20 per- 
cent for a heavily salted product cured 
for about 21 days. The heavily cured 
salt cod is usually dried to about 40 
percent moisture content. At low tem- 
peratures of 32°-40°F (0°-4.41°C) no 
bacterial spoilage in hard cures may be 
noticed for years. With lighter cures, 
storage at chill temperatures is essen- 
tial. 

The traditional method of drying was 
to expose the fish to sun and wind, 
usually on frames known as flakes. As 
this method is slow, artificial drying 
became popular. The most suitable air 
temperature is 75°F (23.9°C) with a 
range of 60°-80°F (15.6°-26.7°C). Rel- 
ative humidity of the dryers should be 
50-55 percent as dried salt fish absorbs 
water at relative humidites above 76 
percent. Salt cod, after drying, is often 
skinned and boned by hand and pack- 
aged in small wooden boxes or plastic 
films in 1-pound portions. 

A new rapid salt-curing technique 
has been developed at the Gloucester 
Laboratory (Northeast Fisheries 
Center, NMFS) which produces a salt- 
cured fish in less than 8 hours (Mendel- 
sohn, 1974). It involves grinding the 
fish to increase the surface area exposed 
for salting. After grinding, the fish is 
covered immediately with brine so ex- 
posure to oxygen is almost obviated. 
Additional salt to maintain saturation is 
used so salting takes place throughout 
the ground fish. Drying is aided by the 
small particle size of the ground fish 
which also simplifies the reconstitution 
of the dried product. 
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Figure 15.—Fry of Atlantic cod. 


Fish Cakes 


Fish cakes are prepared by soaking 
salt cod in cold water. The water is 
drained off, and the fish boiled with 
fresh water with about double the 
weight of potatoes. Beaten eggs, butter 
or margarine, diced onions, and pepper 
are added, and the mixture is formed 
into cakes, rolled in bread crumbs, and 
deep-fat fried until light brown. The 
fish cakes are cooled on trays, then 
packaged in cold-waxed cartons using 
waxed paper separators. The cartons 
are closed, then overwrapped and fro- 
zen in a plate or blast freezer. After 
freezing, the cartons are packed in cor- 
rugated containers for storage or ship- 
ment. 


Smoked Cod 


For smoking, cod fillets are normally 
skinned and brined in a 70-80 percent 
brine for 4-10 minutes depending upon 
size. The brined fish are allowed to 
stand and drip before smoking. The 
smoking time varies from 2 to 5 hours 
according to size. The temperature of 
the kilns is usually controlled at 80°F 
(27°C). 


Codworm 


On the Atlantic coast, the nematode 
Porracaecum decipiens, called ‘‘cod- 
worm,’’ is often found in cod, but it 
may also be found in hake, flounders, 
and ocean perch. Generally, the infesta- 
tion incidence of codworm is high in 
inshore areas sometimes with-over 50 
percent of the cod infested. The number 
of parasites per fish is much larger in 
inshore fish than in fish caught 
offshore. Codworm larvae range from 
¥% inch to 3% inches (6.35 to 88.9 mm) 
in length and are white to reddish brown 
in color. The larvae are usually found 


burrowed into the muscle of the fillet. 
Candling—placing the fish fillet on a 
glass plate with a strong light below— 
is the best method of. detecting the cod- 
worms. The parasite can be removed 
with tweezers or by cutting it out with a 
knife. 

The life cycle of the codworm is as 
follows: Adult worms lay eggs in the 
intestines of the harbor seal, Phoca vi- 
tulina, or gray seal, Halichoerus gry- 
phus, which then pass through the seal 
feces into the ocean. The eggs hatch, 
and the larvae are eaten by an inverte- 
brate such as a shrimp which is then 
eaten by fish. In the larval form, the 
codworm cannot reproduce. When fish 
infested with these larvae are eaten by a 
seal, the worms mature and complete 
the cycle. These parasites are not harm- 
ful to humans but are considered aes- 
thetically objectionable. 


Conservation 


As early as the 16th century, English 
fishermen complained about mesh sizes 
in the rough trawl nets used by other 
fishermen. In 1558, Queen Elizabeth I 
published a Royal Decree giving a 
minimum limit of 24% inches (6.4 cm) 
mesh size. It was recognized early that 
trawl nets, while quite efficient, tended 
to catch many unmarketable, small- 
sized fish which represented a waste. 

Early work of the U.S. Fish Com- 
mission was concentrated on increasing 
the number of cod in the sea by artificial 
propagation. Cod were first raised at 
Gloucester, Mass., during the winter of 
1878-79. Additional hatcheries were 
built in Boothbay Harbor, Maine, and 
Woods Hole, Mass. At the Gloucester 
station, 217 millici cod eggs were fer- 
tilized. The fertilized eggs were moved 
to hatching trays for further develop- 
ment. The newly hatched fry (Fig. 15) 
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were taken from the traps and released 
in the harbor. 

The Woods Hole hatchery continued 
its work until World War II, but the 
hatcheries at Gloucester and Boothbay 
Harbor ended earlier. 

Following the conclusion of many 
tagging experiments in Europe and 
North America and a trawling study of 
Georges Bank by David Belding, it was 
found that 14.3 percent of the cod 
caught in the otter trawl had to be dis- 
carded because of their small size (Jen- 
sen, 1972). Further tests by the U.S. 
Bureau of Fisheries found that 40 per- 
cent by weight of immature cod were 
caught in the otter trawl. 

After widespread research by fishery 
scientists, a regulation was im- 
plemented banning the use of trawl nets 
with a mesh size smaller than 4% inches 
in the cod and haddock fisheries. This 
mesh regulation was adopted by the In- 
ternational Commission for the North- 
west Atlantic Fisheries composed of 
Canada and 11 European countries. 

The establishment of 200-mile limits 
and their control by systems of quotas 
will result in the conservation of the key 
species of fish in the North Atlantic and 
Pacific fisheries, i.e., such species as 
cod, haddock, whiting, and pollock. 
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NOAA/NMFS Developments 


Frank Hails IWC Meeting 
as Conservation Success 


NOAA Administrator and U.S. 
Whaling Commissioner Richard A. 
Frank hailed the 31st meeting of the 
International Whaling Commission, 
which ended in London on 13 July, as 
“*the greatest success for whale conser- 
vation in the organization’s history.’ 
Frank applauded the IWC decision to 
adopt a proposal to ban whaling by fac- 
tory vessels. “‘It is clear that the end of 
commercial whaling is now in sight,”’ 
he said. 

Frank noted that the [WC has created 
a whale sanctuary in the Indian Ocean 
and has reduced whaling quotas 
worldwide to achieve a reduction in 
take of some 75 percent. He reported 
that the [WC also agreed to phase down 
whaling by Chile and Peru over 3 years. 
After that time these countries will have 
no quotas and they have indicated their 
intent to abandon whaling. The two 


South American countries had recently 
joined the IWC at the urging of the 
United States. 

‘*The effect of other quotas,’’ Frank 
said, ‘‘will curtail Soviet whaling ac- 
tivities, and it is likely the Soviet Union 
may soon announce its intention to 
phase out of whaling.’’ At the meeting, 
Japan also announced it no longer 
would import whale meat from non- 
IWC countries. ‘‘This could well end 
pirate whaling activities outside IWC 
regulations by ships like the Sierra,” 
Frank said. 

This was the first 1WC meeting that 
included all the major whaling 
nations—Japan, USSR, Norway, Ice- 
land, and Brazil—augmented by newly 
joined members—South Korea, Chile, 
Peru, and Spain. The only significant 
whaling operation outside the IWC is 
by Taiwan. 





GRADE STANDARDS 
SET FOR SEVERAL 
FISHERY PRODUCTS 


U.S. Grade Standards for fish fillets, 
frozen minced fish blocks, and frozen 
fried scallops were published in the 
Federal Register on 6 June 1979, 
44(110):32385-93, by the National 
Marine Fisheries Service, NOAA. The 
effective date was 23 July 1979. 

The U.S. Standards for fish fillets 
establish quality standards for grades of 
fish fillets made from all commercial 
species. This will allow consumers a 
wider selection of commercial species 
at the marketplace on the basis of Grade 
A, B, or C quality standards. It will also 
facilitate trade in fish fillets of all com- 
mercial species and not just those cur- 
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rently covered by specific standards. 

The U.S. Standards for grades of 
frozen minced fish blocks are based 
upon recent recommendations and in- 
formation submitted to the Department 
of Commerce. This rule will ensure 
users of the quality of minced fish 
blocks, thereby facilitating trade and 
expanding markets for products made 
from such blocks. 

The U.S. Standards for grades of 
frozen fried scallops are amended to 
include breaded scallops and to reflect 
current industry practices. Copies of 
these grade standards are available 
from the National Seafood Quality and 
Inspection Laboratory, National Ma- 
rine Fisheries Service, NOAA, 3209 
Frederic St., P.O. Drawer 1207, Pas- 
cagoula, MS 39567. 


Lawrence Named NOAA 
Assistant Administrator 


Samuel A. Lawrence, until recently 
Vice President for Financial and Plan- 
ning Services at Cornell University and 
for 2 years Executive Director of the 
Stratton Commission, has been named 
Assistant Administrator for Adminis- 
tration of the National Oceanic and At- 
mospheric Administration (NOAA). 
The Stratton Commission, officially 
known as the President’s Commission 
on Marine Science, Engineering, and 
Resources, was instrumental in devel- 
oping recommendations which resulted 
in the creation of NOAA in 1970. 
Lawrence served as Executive Director 
of the Commission from 1967 to 1969. 

A native of Providence, R.I., Law- 
rence held a series of senior administra- 
tive posts at Cornell. He joined the 
university in 1970, after a 1-year 
assignment with Aluminum of Canada 
during which he conducted a special 
survey of the international ocean freight 
industry. 

From 1954 to 1967, Lawrence was a 
senior examiner and an assistant divi- 
sion chief with the U.S. Bureau of the 
Budget, and prior to that was with Van 
Norman Machine Tool Co., in Spring- 
field, Mass., and the New York Citi- 
zens Budget Commission. 

Lawrence received his B.A. in 
sociology from Harvard University, 
and his MA in public administration 
and Ph.D. in Political Science from The 
American University. He also attended 
Brookings Institution under a Federal 
Executive Fellowship in 1963 on leave 
from the Bureau of the Budget. There 
he conducted a survey of the economics 
and politics of American merchant 
shipping. His award-winning book, 
‘*United States Marine Shipping 
Policies and Politics,’’ published by the 
Brookings Institution, resulted from 
this survey. 

He also has written ‘‘International 
Sea Trarsport,’’ a book on interna- 
tional political and legal issues relating 
to merchant shipping, and has held pro- 
fessorial appointments at Georgetown 
and George Washington Universities. 
Lawrence is married to the former Mary 
W. Miller, and is the father of three 
children. 
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Foreign Fishery Developments 


Mexico’s Marine 
Fisheries Enforcement 


Mexico, along with many other 
coastal states, is rapidly building up a 
capability to patrol its Exclusive 
Economic Zone (EEZ) by increasing 
foreign purchases and domestic con- 
struction of fishery patrol vessels and 
aircraft. In addition, air strips are being 
constructed to monitor important sec- 
tors of Mexico’s EEZ. The Govern- 
ment’s present policy was highlighted 
by the April 1979 visit of President 
Lopez Portillo to Clarion Island, in the 
Eastern Pacific (Fig. 1). 

Mexico established its 200-mile EEZ 
on 31 July 1976. This was considered 
the last major achievement of former 
President Luis Echeverria’s fisheries 
policy. Mexico’s extended jurisdiction 
covers nearly 4 million km? of adjacent 
ocean, requiring greatly increased 
capabilities to enforce fishery regula- 
tions. 


Mexico’s Navy 


Mexico’s Secretariat of the Navy 
(11,000 persons) is charged with 
maintenance of Mexican sovereignty 
over its 12-nautical-mile territorial sea 
and 200-mile EEZ. The Secretariat 
began to expand its marine enforcement 
capabilities with Mexico’s extension of 
its fisheries jurisdiction to 200 miles. 
The main force used to patrol the EEZ is 
the Navy’s 31-vessel Azteca fleet. The 
Azteca is a British-made patrol vessel, 
33-m long, which was originally de- 
signed for fisheries enforcement. The 
vessel was chosen for its efficiency, 
simplicity, and low cost. A total of 21 
of these vessels was built in the United 
Kingdom. Mexico received the last of 
these vessels in late 1976. An addi- 
tional 10 of these vessels were built 
later in Mexico’s Veracruz and Salina 


Figuie 1.—Offshore bases in Mexico’s Exclusive Economic Zone (EEZ). 
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Cruz shipyards. The Mexican Navy 
was not completely satisfied with the 
Azteca’s performance at high speeds 
and decided to build only 10 vessels 
instead of the planned 54. The Azteca 
force currently forms the backbone of 
Mexico’s enforcement fleet, which is 
supplemented by regular Navy units 
consisting of two destroyers, seven 
frigates, 35 minesweepers, and 10 
older patrol boats. Many of these ves- 
sels were built in the United States. 
Mexico has also contacted Spain about 
the purchase of patrol boats, but the 
results have not been made public. 

Mexico’s Navy is developing a new 
patrol vessel, the Olmeca class. The 
prototype is currently undergoing test- 
ing. If the Navy is satisfied, nine of 
these fast, long-range vessels will be 
built. 

Mexico relies on 36 U.S.-built Al- 
batross aircraft for aerial surveillance of 
its EEZ. With the inauguration of the 
Socorro Island airbase, surveillance ac- 
tivities on the Pacific coast are expected 
to increase significantly. 


Gulf Coast Enforcement 


The Gulf of Mexico is especially rich 
in shrimp resources. Mexico has had 
major problems with illegal foreign 
fishing on the Campeche Bank, espe- 
cially by Cuban vessels. United States 
and Cuban shrimp fishing off Mexico’s 
Gulf Coast is scheduled to terminate on 
31 December 1979, although the Unit- 
ed States and Cuba are attempting to 
renegotiate fishing arrangements after 
1979. 

Cuba and Mexico signed a fisheries 
agreement in July 1976 permitting 
Cuban access to the Mexican EEZ. 
Shrimp fishing was restricted to the 
Campeche Bank. Mexican shrimp fish- 
ermen have been very critical of the 
agreements allowing foreign shrimp 
fishing and have demanded more strin- 
gent enforcement measures. The Mexi- 
can Navy plans to establish a seaplane 
base on Cayo Arcas to monitor the 
Campeche Bank. This new base was 
expected to become operational in late 
1979 or 1980. The Mexican Navy seized 
a total of eight Cuban vessels inside 
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Mexico’s 12-mile territorial seas during 
the first half of 1978'. 

The United States and Mexico also 
signed a fisheries agreement in 
November 1976 which allowed U.S. 
fishermen access to the Mexican EEZ 
for snapper/grouper and shrimp. United 
States shrimp fishing was confined to 
the area off Tampico and Contoy Is- 
land. The majority of the seizures of 
U.S. shrimp trawlers since the signing 
of the agreement occurred because the 
U.S. vessels allowed to fish in the EEZ 
strayed into Mexico’s territorial sea. 

The Gulf of Mexico coast currently 
has a system of coastal radars for 
fisheries enforcement. The system has 
10 stations with detection ranges up to 
145 km located along the coast. The 
first part of the system was activated in 
June 1977, and new stations are being 
steadily added. 


Pacific Coast Enforcement 


Mexico’s Pacific Coast EEZ includes 
major tuna fishing grounds and extends 
to the islands of the Revillagigedo Ar- 
chipelago (Fig. 1). Mexican 200-mile 


claims include the inhabited islands? in 
this group. The Revillagigedo Archi- 
pelago islands important to Mexican 
enforcement efforts are Socorro and 
Clarion. 

Socorro is over 500 km from Baja 
California, and the island’s EEZ inter- 
locks with the mainland’s EEZ. Clarion 
is located 400 km west of Socorro, and 
its EEZ also interlocks with Socorro’s 
zone. Socorro Island is the site of a new 
$1.5 million air-naval base. President 
Lopez Portillo inaugurated the base 
complex during his April 1979 visit to 
the island. The base, begun in 1977, 
will be the center of aerial fishery sur- 
veillance operations in the eastern 
Pacific. 

President Lopez Portillo also visited 
Clarion Island in April to reaffirm Mex- 
ican sovereignty. A small garrison of 
33 marines is assigned to the island. It is 


'There were also reports of Soviet factory vessels 
in Mexico’s EEZ, but no seizures were made as 
far as is known. 

? The main inhabitants of both islands are military 
personnel. 
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not currently known what enforcement 
activities, if any, will be conducted 
from Clarion. 

The Navy has announced plans to 
construct 14 radar stations on the 
Pacific Coast. These coastal radars will 
be connected to the naval operations 
center in Mexico City, along with the 
Gulf of Mexico radar stations. 


ICNAF/NAFO Members 
Okay Grand Bank 
Cod Closure 


Because of concern about the state of 
the Grand Bank cod stock, member 
countries of the Northwest Atlantic 
Fisheries Organization (NAFO) and of 
the International Commission for the 
Northwest Atlantic Fisheries (ICNAF) 
will refrain from fishing for cod on the 
Grand Bank in 1980, Canada’s 
Fisheries and Oceans Minister James 
McGrath has announced. 

McGrath made the announcement in 
releasing the results of the 1979 annual 
meeting of ICNAF/NAFO, which met 
in Halifax from 30 May to 7 June, to 
consider conservation measures for 
1980 for stocks partly or entirely out- 
side the Canadian 200-mile zone. *‘I 
am pleased that ICNAF and NAFO 
reached agreement on matters of con- 
cern to Canada and I am sure that the 
closure of the Bank will allow for re- 
building of this stock,’’ he said. 

Canada was allocated, for 1980, ap- 
proximately 70 percent of the ground- 
fish stocks which are partly or entirely 
outside the 200-mile limit. On the 
Grand Bank, Canada received 84 per- 
cent of the allocations. 

Agreement was also reached to insti- 
tute an international scientific observer 
scheme for vessels fishing beyond 200 
miles. This program will reportedly 
provide better scientific and statistical 
information on the fisheries in the area 
beyond Canadian jurisdiction. 

This meeting was the last annual 
meeting of ICNAF and the first annual 
meeting of the Northwest Atlantic 
Fisheries Organization which replaces 
ICNAF. The NAFO Convention pro- 
vides that conservation measures for 


stocks partly outside the Canadian zone 
must be consistent with those taken by 
Canada inside the zone and also recog- 
nizes Canada’s special interest in allo- 
cations beyond 200 miles. 

NAFO will meet again in early 
March 1980 to deal with 1980 conser- 
vation measures for capelin and squid 
and to review again the cod quotas for 
the Flemish Cap and the Grand Bank. 
McGrath also announced that the 1980 
annual meeting of NAFO will take 
place in September of that year in St. 
John’s, Newfoundland. 


CALIFORNIA HERRING, 
ALASKA RED SALMON ROE 
SOLD IN JAPAN 


The first 1979 shipment of semi- 
processed herring roe originating from 
the catches off San Francisco, Calif., 
totaling 5.9 tons, was placed on auction 
at Sapporo Central Wholesale Market 
on 24 May by Taiyo Fishery company. 
The prices settled on that day were 
¥ 9,300-9,310/kg (US $19.30-19.32/ 
pound at ¥ 219=US$1) for grade 1, up 
82 percent from last year, for which the 
asking price was ¥ 9,200/kg ($19.10/ 
pound); ¥ 3,320/kg ($6.89/pound) for 
grade 4; ¥ 2,870/kg ($5.96/pound) for 
grade 5; and ¥2,380/kg ($4.94/ 
pound) for grade 6. Sales for grades 2 
and 3 were not concluded that day as 
the cautious processors held off their 
buying decisions on these grades 
whose asking prices were respectively 
¥ 8,500/kg ($17.64/pound) and 
¥7,000/kg ($14.53/pound). (Source: 
FFIR 79-7). 

The first shipment in 1979 of air- 
freighted red salmon roe (sujiko) from 
Alaska, totaling 400 cases, were 
placed on auction to wholesalers on 8 
June at Tokyo and seven other Central 
Wholesale Markets in Japan. The 
prices settled on that day were reported 
to be ¥9,000/kg ($18.68/pound at 
¥ 219 = US$1) for grade 1, ¥ 8,500/ 
kg ($17.64/ pound) for grade 2; and 
¥ 7,800/ kg ($16.19/pound) for grade 
3. The season-opening price in 1978 of 
red salmon roe grade 1 was ¥ 8,500/ 
kg ($17.60/pound). (Source: FFIR 
79-7.) 





Publications 


Indian Ocean 
Atlas Is Published 


The ‘*Climatic Atlas of the Indian 
Ocean,”’ by Stefan Hastenrath and Pe- 
ter Lamb, has been published by the 
University of Wisconsin Press in two 
parts: ‘‘Surface Climate and Atmospher- 
ic Circulation” and “‘The Oceanic Heat 
Budget.’’ They are part of a continuing 
series based on more than 4.5 million 
ship observations during 1911-70, 
compiled by one degree squares. 

Part I contains maps by calendar 
month of 12 observed elements and de- 
rived quantities, in two sections: 
‘*Kinematics and Dynamics’’ and 
‘*Thermocynamics.’’ The first section 
portrays sea level pressure, resultant 
wind (arrows and isotachs), directional 
steadiness of wind, divergence, relative 
vorticity, and cul of wind stress. Ther- 
modynamics section presents sea sur- 
face temperature, sea-air temperature 
difference, specific humidity, total 
cloudiness, low clouds, and precipita- 
tion frequency. 

Part II, The Oceanic Heat Budget, 
presents monthly and annual maps of 
net shortwave, net longwave, and net 
allwave radiation; sensible and latent 
heat flux and evaporation; and net 
oceanic heat gain, the latter term being 
obtained as a residual of the heat budget 
equation. The mapping of large-scale 
fields is complemented by graphs de- 
picting the annual march of heat budget 
terms in selected ocean areas. Monthly 
and annual values of heat budget terms 
are furthermore tabulated as means for 
five degree latitude bands. 

The atlas is intended to provide a 
background climatology for research- 
ers in meteorology and oceanography, 
and it may find some use by those in- 
volved in marine biology or the com- 
mercial fisheries. 
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Hastenrath is Professor of Meteorol- 
ogy at the University of Wisconsin- 
Madison and Lamb is Lecturer in 
Meteorology at the University of Ade- 
laide, Australia. The set is available 
from the University of Wisconsin 
Press, 114 North Murray St., Madison, 
WI 53715; the cost is $70.00. 


EDIS Prints Great 
Lakes Data Catalog 


EDIS’ National Climatic Center re- 
cently published ‘‘International Field 
Year for the Great Lakes (IFYGL) Data 
Catalog: United States Data Archive’’ 
(NOAA Technical Memorandum EDIS 
NCC-3). This 203-page publication is 
the final IFYGL Data Catalog. It de- 
scribes the data archived from investi- 
gations by scientists in Canada as well 
as the United States. Several disciplines 
are represented, including meteorol- 
ogy, limnology, biology, and chemis- 
try. Indexes and cross-indexes are 
given to aid in ordering data from the 
U.S. IFYGL Data Archive. 

Copies of the catalog are available 
from the National Climatic Center, 
Federal Building, Asheville, NC 
28801. 


Lives of Salmon Are 
Illustrated 


Publication of ‘‘Pacific Salmon,”’ 
by R.J. Childerhose and Marj Trim has 
been announced by the University of 
Washington Press in Seattle. The large 
format 166 page volume is richly illus- 
trated with more than 100 color photos, 


species paintings from egg and alevin 
through the spawning stages, species 
distribution maps, and many detailed 
line drawings of various aspects of 
salmonid life cycles. Besides the six 
species of Pacific salmon (sockeye, 
pink, coho, chum, chinook, and masu), 
the steelhead trout is also included. 
Written with a Canadian emphasis 
and primarily for a general audience, 
the authors draw on the research of 
leading Canadian fisheries scientists 
to cover such topics as the history of 
salmon exploitation, salmon trans- 
plants, salmon enhancement tech- 
niques, lake fertilization, environmen- 
tal problems, ocean distribution, etc. 
The volume costs $25.95 and is avail- 
able through the University of Wash- 
ington Press, Seattle, WA 98105. 


PACIFIC WHITING CATCH 
AREAS TOLD 


A summarization of the fishery for 
Pacific whiting by the foreign fleet for 
the year 1978 is available through the 
National Marine Fisheries Service from 
the Observer Program. Information 
consists of a report and of navigational 
chart overlays showing trawl locations. 
Contents of the report include a sum- 
marization of the deployment of the 
fleet by location and month, the catch 
per effort, and a tabulation of the loca- 
tion (latitude/longitude, loran), date, 
depth, and duration of each trawl by 
descending order of catch per effort for 
all trawls made by vessels with observ- 
ers aboard. Overlays (for NOS Charts 
18003 and 18010) show the total trawl 
locations by month and INPFC area for 
vessels having NMFS observers 
aboard. 

Those interested in these data may 
receive either the report or the report 
and the navigational chart overlays by 
submitting their mailing address and 
specifying which they wish to receive. 

Mail requests to: Resource Assess- 
ment and Conservation Engineering 
Division, Northwest and Alaska 
Fisheries Center, National Marine 
Fisheries Service, 2725 Montlake 
Boulevard East, Seattle, WA 98112, 
ATTN: Ben Patten. 
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Marine Fisheries Review publishes re- 
view articles, original research reports, sig- 
nificant progress reports, technical notes, 
and news articles on fisheries science, en- 
gineering, and economics, commercial and 
recreational fisheries, marine mammal 
studies, aquaculture, and U.S. and foreign 
fisheries developments. Emphasis, how- 
ever, is on in-depth review articles and prac- 
tical or applied aspects of marine fisheries 
rather than pure research. 

Preferred paper length ranges from 4:to 
12 printed pages (about 10-40 manuscript 
pages), although shorter and longer papers 
are sometimes accepted. Papers are 
normally printed within 4-6 months of ac- 
ceptance. Publication is hastened when 
manuscripts conform to the following rec- 
ommended guidelines. 


The Manuscript 


Submission of a manuscript to Marine 
Fisheries Review implies that the manu- 
script is the author’s own work, has not been 
submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers under completed NOAA Form 25- 
700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have 14-inch margins on all 
sides. Running heads are not used. An 
‘*Acknowledgments”’ section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 
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double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, Marine Fisheries Review fol- 
lows the *‘U.S. Government Printing Office 
Style Manual.’’ Fish names follow the 
American Fisheries Society’s Special Pub- 
lication No. 6, *‘A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,’’ third edition, 1970. 
The *‘Merriam- Webster Third New Interna- 
tional Dictionary’’ is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (under- 
scored). Dates should be written as 3 
November 1976. In text, literature is cited 
as Lynn and Reid (1968) or as (Lynn and 
Reid, 1968). Common abbreviations and 
symbols such as mm, m, g, ml, mg, and °C 
(without periods) may be used with numer- 
als. Measurements are preferred in metric 
units; other equivalent units (i.e., fathoms, 
°F) may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Citations 


Title the list of references ‘‘Literature Ci- 
tations’’ and include only published works 
or those actually in press. Citations must 
contain the complete title of the work, inclu- 
sive pagination, full journal title, the year 
and month and volume and issue numbers of 
the publication. Unpublished reports or 
manuscripts and personal communications 
must be footnoted. Include the title, author, 
pagination of the manuscript or report, and 
the address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author’s 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its accu- 
racy. 


Figures 


All figures should be clearly identified 
with the author’s name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the, figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8- 
x 10- inches, sharply focused glossies of 
strong contrast. Potential cover photos are 
welcome but their return cannot be guaran- 
teed. Magnification listed for photomicro- 
graphs must match the figure submitted (a 
scale bar may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and ap- 
pearance before submission. Mail the man- 
uscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 1107 N.E. 45th Street, 
Room 450, Seattle, WA 98105. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 
100 free copies are supptied to his organiza- 
tion. Cost estimates for additional reprints 
can be supplied upon request. 
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